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INVEST IGAT ION OF A LARGE-SCALE MIXED-COMPRESSION 


AXISYMMETRIC INLET SYSTEM CAPABLE OF HIGH 
PERFORMANCE AT MACH NUMBERS 0.6 TO 3.0* 
By Norman E. Sorensen and Donald B. Smeltzer 
Ames Research Center 


SUMMARY 


A model of a mixed -compression inlet with a 20 -inch-diameter capture area 
was designed and tested in combination with three subsonic diffuser designs. 
The shortest inlet system was about 1.50 capture diameters long measured from 
the cowl lip to the engine face and employed vortex generators just downstream 
of the throat to reduce the total pressure distortion at the engine face. The 
other two systems were 1.75 capture diameters long and did not employ vortex 
generators. The supersonic portion of the inlet was designed for Mach num- 
ber 3.0 and was capable of performing at off -design Mach numbers by transla- 
tion of the cowl. The major objective was to investigate relatively short 
axisymmetric inlet systems capable of high performance over the complete Mach 
number range. The model was tested in a wind tunnel at Mach numbers from 0.6 
to 3.2 and angles of attack from 0° to 8°. The Reynolds number was about 
2x10 s per foot at Mach number 3*0. 

The supersonic diffuser of the inlet was designed with the aid of a com- 
puter program employing the method of characteristics. Preliminary tests 
showed that the supersonic portion of the inlet performed as predicted , but 
the flow separated in the subsonic diffuser limiting the performance at the 
engine face. The subsonic diffuser was then modified and the total -pres sure 
recovery was raised to 90 percent with about 11 percent boundary-layer bleed 
mass flow from 86 -percent recovery with 13 -percent bleed. Off -design total- 
pressure recoveries were also improved about 4 percent over the Mach number 
range 1-55 to 3 . 0 . The 1.50 capture diameter inlet, with vortex generators, 
showed an additional 1 -percent improvement in recovery, but of more signifi- 
cance was the reduction in total pressure distortion at the engine face. The 
distortion was reduced to 6 to 7 percent from about 10 percent and the maximum 
recovery was improved to about 91 percent with about 11 -percent boundary-layer 
bleed mass flow. Without the generators the distortion of the 1.50-diameter 
inlet was about doubled (l4 percent). 

The test results in the Mach number range 0.6 to 1.2 included details of 
experimentally measured additive drag. It was found that there was an optimum 
trade of additive drag for pressure recovery. 


*Title, Unclassified. 


INTRODUCTION 




One of the important elements of a supersonic propulsion system is the 
inlet. Satisfactory performance of the system usually depends upon a high 
level of inlet performance not only at the conditions for which the system has 
been optimized, but as in the case of a supersonic transport vehicle, over the 
entire mission. When the performance of a vehicle is considered, the weight 
of the inlet is important. A short inlet, of course, tends to weigh less than 
a long inlet, but also tends to make high performance difficult to attain. 

This has presented a challenging problem, the solution of which was approached 
through a theoretical and experimental research program with a large-scale 
axisymmetric inlet model. The major objective of the program was to investi- 
gate relatively short axisymmetric inlet systems theoretically capable of high 
performance over a wide range of Mach numbers. 

The axisymmetric inlet model chosen for study was a mixed compression 
type. The supersonic portion of the inlet was designed for Mach number 3*0. 
Performance at off -design Mach numbers was accomplished by translation of the 
cowl. Three variations in subsonic diffuser design were tested in combination 
with virtually the same supersonic diffuser. The initial subsonic diffuser 
proved to be deficient, as indicated by preliminary test results, and led to a 
modification which produced more satisfactory results. A shorter subsonic 
diffuser was then designed and tested with vortex generators. The generators 
were mounted just downstream of the throat region to reduce the total pressure 
distortion at the engine face. Boundary -layer bleed configurations were 
developed for Mach number 3.0 and were tested at off -design Mach numbers with- 
out change. By controlling the bleed plenum chamber pressures, a range of 
bleed mass -flow ratios was investigated for a given bleed configuration. 

Tests were conducted over the Mach number range 0.6 to 3.2 at a tunnel total 
pressure of 30 inches of Hg. This corresponded to a Reynolds number of about 
2X10 6 per foot at Mach number 3*0* The tests were conducted primarily to 
determine the performance parameters of engine -face total-pressure recovery 
and distortion as a function of boundary-layer bleed mass -flow ratio at angles 
of attack from 0° to 8°. The transonic tests included experimental determina- 
tion of the additive drag. Theoretical predictions based upon the method of 
characteristics were compared with the experimental results. A small portion 
of the results presented herein is also presented in references 1 and 2. 


SYMBOLS 


A c capture area, 31^*16 sq in. 

A x local duct area normal to the inlet centerline, sq in. 
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span of the vortex generators, in. 
additive drag coefficient based on A c 
net -thrust coefficient based on A c 
capture diameter, 20 in. 
local rake height, in. 
free -stream Mach number 

free -stream Mach number decrement from the design Mach number 

local Mach number 

mass flow 

total pressure 

static pressure 
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mm 
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local radius 
capture area radius 


x axial distance from the tip of the centerbody 

R capture area radius 



axial distance from the cowl lip 
capture area radius 



axial distance from the cone tip to the cowl lip 
capture area radius 


Ax 

R 


incremental 


x 

R 


C) 


angle of attack, deg 

incipient unstart angle of attack, deg 
average values 


Subscripts 


0 inlet lip station 

1 throat station 

2 engine -face station 

bl bleed 

2 local flow 

oo free -stream conditions 

Note: The letters A, B, C, and D, referring to the boundary -layer bleed exit 

settings , denote a progressively more restricted bleed flow from A, the 
fully open exit setting, to D, the most restricted setting. The letter 
A’ refers to a bleed exit setting associated only with the 1.75 D 
modified inlet. 


DESIGN 


Satisfactory performance of a propulsion system usually demands a rela- 
tively short inlet capable of high performance at off -design Mach numbers as 
well as at the design Mach number. The requirement for adequate transonic 
acceleration led to a design which employed a low-angle conical centerbody to 
keep the transonic additive drag reasonably small. The requirement for high 
performance at off -design Mach numbers was compatible with the transonic 
requirements and led to a supersonic diffuser design with high performance. 
For the shortest subsonic diffuser the use of vortex generators was vital in 
achieving low flow distortion at the engine face. The design of the inlet 
system divided naturally into two parts, the supersonic diffuser and the 
subsonic diffuser. 


Supersonic Diffuser 

This portion of the inlet was designed with the aid of a computer program 
that employed the method of characteristics. The program proved to be ade- 
quate and is fully described in reference 3* Figure 1 shows the diffuser con- 
tours with the theoretical network of characteristics and flow properties from 
the computer program. An initial internal cowl angle of 0° and a 12.5° half- 
angle conical centerbody were selected to satisfy the important external 
requirements for low transonic additive drag and low cowl drag. The rest of 
the contours to the throat were adjusted by trial until the computer program 
gave the desired theoretical conditions at the throat and sufficiently low 
pressure rises across the internal shock -wave impingements to prevent 
boundary -layer separation. The goal was to attain uniform flow in the throat 
at a Mach number of 1.3 and a pressure recovery above 95 percent. Figure 1 
shows that this goal was closely achieved. In addition, the pressure ratios 
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across the first and second shock -wave impingements on the centerbody were 
2.^30 and 1.68, respectively, and 2.13 on the cowl. These pressure ratios were 
judged (on the basis of ref. 4) to be below those for incipient separation of 
the expected boundary layers. The off -design air flow requirements of a 
selected turbofan engine were satisfied throughout the Mach number range. The 
inlet provided 40.5 percent of the capture mass flow at Mach number 1.0. This 
may not be sufficient for some engines, but a contracting centerbody version 
of the inlet could provide higher mass flow at all speeds. An additional 
restraint imposed upon the theoretical design was the requirement that the 
axial distance through which the cowl had to be translated for off -design 
operation be kept to a minimum. For this inlet, the translation distance 
required was about 10 inches or half an inlet diameter. This was believed to 
be short enough to avoid excessive weight penalties. 


Subsonic Diffuser 

Since most of the performance deficiencies found in the initial tests 
were associated with losses in the throat and subsonic diffuser, three differ- 
ent subsonic diffusers were tested in combination with virtually the same 
supersonic diffuser. These three designs are shown in figure 2. The initial 
diffuser and its modification are shown in figure 2(a). The initial diffuser 
was designed with a linear variation of area from the beginning of the throat 
at x/R = 3.75 to the engine -face station at x/R = 6.04. The modified dif- 
fuser was designed to have a linear static-pressure variation between these 
stations. The modified design provided a lower rate of expansion downstream 
of the throat to x/R = 5*20 than did the initial design. After this point 
the flow expanded rapidly. Because the changes in area distribution between 
the initial and modified diffusers were accomplished for reasons of expediency 
by changes in the centerbody dimensions only, the minimum area did not remain 
fixed relative to the cowl when the cowl was translated for off -design opera- 
tion. It was recognized that shifting of the minimum area with translation 
was undesirable, especially from an inlet control standpoint. However, the 
design was tested mainly to determine the difference in performance with the 
two diffusers at the design Mach number. The inlet for these two diffusers 
was about 1.75 diameters long measured from the cowl lip to the engine-face 
station. The success attained with this modified diffuser led to the design 
of a shorter subsonic diffuser providing an inlet about 1.50 diameters long, 
as shown in figure 2(b). The diffuser had a linear variation of Mach number 
from the beginning of the throat at x/R = 3*75 to the final diffusion Mach 
number of about 0.3 at the engine-face station, x/r = 5*50* This design pro- 
vided a slightly lower rate of expansion in the throat region than did the 
diffuser modified to yield a linear static pressure variation. In addition, 
the throat (x/r = 3*75) did not shift with translation. 

The coordinates of the inlets are presented in table I. The contours for 
the 1.75 D inlets include compensation for boundary-layer growth from the 
points of the first shock wave impingements on the cowl and centerbody to the 
throat. The contours for the 1.50 diameter inlet were based on inviscid 
calculations only. 


5 


MODEL AND INSTRUMENTATION 


The model with a 20-inch capture diameter was as large as practical for 
installation in the Unitary Plan wind tunnels at Ames Research Center. 

Sketches of the model and instrumentation are shown in figure 3, and a photo- 
graph of the model mounted in the 11-foot transonic wind tunnel is shown in 
figure 4. For structural reasons , the inlet area was varied by translating 
the cowl rather than the centerbody. The cowl had a sharp 15° lip an( 3- could 
be translated about l8 inches as shown in figure 3(a). The outer shell was 
attached to four hollow struts mounted on the centerbody sting support. The 
main duct exit area was controlled by a translating sleeve and a fixed plug. 
Figure 3(b) shows details of the bleed system. Four separate bleed zones are 
indicated, each of which had separate and controllable exits allowing the 
bleed flow to be controlled from maximum flow to no flow. Also, separation of 
the zones prevented recirculation of the flow from the higher pressure zones 
in the throat (zones III and IV ) through the lower pressure zones upstream 
(zones I and II) . To insure low back pressure at the bleed exits, exit fair- 
ings shown in figure 3(a) were provided. The forward bleed areas were 
designed to be just ahead of the shock -wave impingements shown in figure 1. 

On the basis of the results in reference 5> this appeared to be an effective 
means of controlling the boundary -layer growth. Distributed bleed in the 
throat region provided a variation of bleed flow as the terminal shock wave 
progressed into the throat region. The porosity of all of the bleed areas was 
41.5 percent. The diameter of the holes in bleed zone I was 0.025 inch. The 
diameter of the holes in the remaining zones was 0.125 inch. 

The instrumentation was conventional but rather detailed. The main duct 
instrumentation consisted of six total -pres sure rakes for measuring the total- 
pressure recovery at the simulated engine face. Each rake had six tubes 
spaced so as to provide an area weighted average total pressure as shown by 
the sketch in table II. Static pressure rakes (see fig. 3( a )) were stationed 
near the main duct plug which, in conjunction with the known area at this sta- 
tion and the choked main duct exit area, allowed computation of the main duct 
mass flow. Static pressure orifices were located in a row along the top inner 
surfaces of the cowl and centerbody to the end of the subsonic diffuser. Two 
boundary-layer rakes were located on the centerbody and one on the cowl as 
shown in figure 3(b)* 1470 pitot pressure rakes at the beginning of the throat 

measured the performance of the supersonic diffuser. Bleed flow rate in the 
centerbody boundary -layer removal ducts was measured by three total- and 
static-pressure rakes in the outer duct and four in the inner duct. Bleed 
flow rate measurements through the two zones on the cowl surface were made by 
the use of measured plenum chamber pressures and the known choked exit areas. 
Pressures were also measured in the centerbody plenum chambers. For the tran- 
sonic tests, four rakes were installed at the point of maximum centerbody 
diameter. Pressure measurements from these rakes were used to calculate both 
the inlet mass flow and the total momentum change from the free stream to the 
inlet lip. 

Vortex generators were installed about two throat heights downstream from 
the beginning of the throat of the 1.50 diameter inlet. Forty generators were 
mounted on the centerbody and 5^ on the cowl. Other details of the generators 
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are shown in figure 3(h). The vortex generators were selected in accordance 
with reference 6. Vortex generators were not used with the 1.75 diameter 
inlet systems. 


MEASUREMENT TECHNIQUES AND ACCURACY 


As with most inlet tests of this type, a problem was encountered in accu- 
rately determining the mass -flow rates through both the main duct and the var- 
ious bleed systems. The calibration factor for the main duct flow metering 
system was found to vary with main duct plug position, Mach number, and bound- 
ary layer bleed mass flow. No calibration factor was found that would yield 
better than approximately ±2 percent accuracy in the main duct mass flow. 
Special care was taken in calibrating the bleed mass -flow measuring systems. 
Each system was calibrated in the wind tunnel at Mach 3.0 and a = 0. The 
technique consisted of varying each bleed exit from open to fully closed and 
then plotting the computed bleed mass -flow ratio against the incremental 
change in main duct mass flow. This method yielded bleed calibration factors 
which gave consistent results when all the bleed mass -flow rates were summed 
and compared to the difference between the known capture flow (n^/ir^ = 1.000 
at = 3.0) and the measured engine -face mass flow. The bleed flow calibra- 
tion factors thus determined were used for data reduction at all Mach numbers. 
No attempt was made to calibrate the bleed flow measuring systems at angle of 
attack, but the calibration factors were believed to be as accurate at 2° as 
at 0°. In the transonic Mach number range from 0.6 to 1.3 bleed flow was not 
measured. For the transonic tests the inlet mass flow was measured by the 
four rakes mounted just ahead of the throat (see fig. 3(b)). Additive drag 
was computed by the methods described in reference 7> from the total momentum 
change of the inlet mass flow (determined from the rake measurements), pres- 
sure forces on the compression surfaces, and estimated friction forces acting 
on the surfaces . All other measurement techniques were conventional and the 
estimated anrvUTRPV of 1 iViP mpasurpH nnnnf.i +.1 ic! oQ f’oXXOT'JS ! 

P t /p t V^oo a p/p^ Hx) 

00 

Accuracy at a = 0° ±0.005 ±0.005 ±0.1° ±0.2 ±0.05 

Tunnel total pressure was 15 psia for all tests. 


RESULTS AND DISCUSSION 


Much of the data obtained was of limited interest and has been plotted in 
appendix A or tabulated in table II. The method for determining optimum per- 
formance based upon a combination of transonic additive drag and total- 
pressure recovery is discussed in appendix B. The discussion to follow has 
drawn certain results from these appendixes for comparison and illustration of 
the more significant factors. 
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Most of the inlet development effort was directed toward attaining high^ 
perfor man ce at the design Mach number of 3.0. The bleed configurations and 
the bleed exit settings that controlled the bleed -flow rates were established 
at Mach nu m ber 3.0, and the inlets were tested without change of the bleed 
exit settings at off -design Mach numbers. No attempt was made to improve the 
off -design performance with other boundary-layer bleed configurations. .The 
modified version of the initial diffuser (1.75 h) was not considered suitable 
for off -design operation since its throat did not remain fixed relative to the 
centerbody at off -design conditions. Most of the results presented for this 
design are therefore limited to Mach number 3*0- Ike results for the 1.50 
diameter inlet are presented in more detail since the throat remained fixed 
relative to the centerbody throughout its operating range. The presentation 
of the transonic results is treated differently from the results at higher 
Mach numbers because a determination of the trade-off of experimental additive 
drag versus pressure recovery at the engine face was required in order to 
optimize net propulsive thrust. This involved the use of typical engine data 
and an assumed flight profile to obtain realistic values of thrust. The 
optimization procedure is presented in appendix B. 


Performance at = 3*0 

Because of control margin requirements an actual propulsion system may 
not operate at the maximum inlet pressure recovery. However, the maximum 
recovery serves as an indicator of the capability of the inlet. All inlets 
were designed with a throat Mach number of 1.3, but a lower Mach number (1.2 
or less) was required to achieve maximum pressure recovery. For tests of the 
initial and modified inlets (1.75 D) this occurred with the bow shock wave 
impinging 0.075 x/ R inside the cowl lip. This represented more geometric 
contraction than was expected even allowing for the lower throat Mach number 
of 1.2 or less. The additional contraction was thought to be caused by over- 
compensation of the boundary layer due to the geometric compensation intro- 
duced into the contours. For this reason compensation was not included for 
the shorter inlet (I.50 D) . For this inlet maximum pressure recovery was 
attained with the bow shock wave impinging only 0.045 x/r inside the cowl 
lip. This again represented an additional contraction required to obtain max- 
imum pressure recovery. With the inlet system operating under these condi- 
tions and with the terminal shock wave systems in the more forward position in 
the throat, an envelope of the maximum pressure recovery and corresponding 
total pressure distortion measured for several combinations of bleed exit set- 
tings and bleed configurations is presented in figure 5 * For the initial 
tests a maximum recovery of 86 percent with 13-percent bleed mass flow and 
about 10-percent distortion at the engine face was attained. Since recoveries 
as high as 97 percent were measured for the supersonic diffuser, the main loss 
in perfor man ce was attributable to flow separation in the throat and subsonic 
diffuser. This led to the modification of the subsonic diffuser from one 
based on a linear area variation to one which gave a linear static pressure 
variation. This greatly reduced the initial rate of diffusion in the throat 
region as shown in figure 2(a) . With the modified diffuser a range of maximum 
recoveries was attained up to a little over 90 percent with about 11 -percent 
bleed (fig* 5 ). For this condition the distortion was about 10 percent, the 
lowest attained with this diffuser. With the shorter diffuser employing 
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vortex generators, the distortion was lowered to between 6 and 7 percent for 
the same bleed flow while the recovery was increased about 1 percent to 
91 percent. This latter result was attributable to the better distribution of 
the flow energy induced by the vortex generators through turbulent mixing of 
the high energy core flow with the boundary layer in the throat. Results of 
supercritical operation for the modified and 1.50 diameter inlet systems are 
compared in figure 6. They show a continuation of the better performance with 
the 1.50 D inlet. Not only did the recovery remain about 1 percent better as 
the terminal shock wave system moved downstream, but the distortion also 
remained at or below 10 percent over the useful supercritical range. This was 
a typical result with vortex generators as can be seen in figure 7 where the 
results for four bleed exit settings are plotted. These curves show that the 
performance is still largely a function of boundary-layer bleed. The effect 
of the vortex generators is shown by comparison of the performance with and 
without generators shown in figure 8. The use of vortex generators in this 
short diffuser improved the pressure recovery by about 1 percent, but more 
significantly, the distortion was markedly reduced from about 1 6 to about 
7 percent for conditions near maximum recovery. An examination of the 
detailed pressure recovery plots from the engine -face rakes shown in figure 9 
reveals the nature of the distortion for the maximum pressure recovery points 
of the previous figure. Radial distribution of pressure recovery for each of 
the six engine -face rakes is plotted and shows radial distortion values as low 
as 2 percent. The greatest radial distortion with the vortex generators 
installed was 6. 3 percent (rake no. 6) which was about equal to the total dis- 
tortion (fig. 8). This suggests that local tailoring of the generators or 
inlet contours or both might reduce the total distortion to 5 percent or less. 
Because distortions this low appear possible and since most engines are 
designed to operate without any performance penalty with up to 10 percent 
distortion, even shorter subsonic diffusers may be practical. 


Figure 10 shows typical variations with engine face total -pres sure 
recovery of the bleed flow through the individual bleed zones . Bleed in the 
region of the throat (zones III and IV) changed with engine-face pressure 
recovery as a result of the change in position of the terminal shock wave in 
the throat. As the terminal shock wave moved upstream into the throat area 
and passed over the bleed holes, the higher pressures behind the terminal 
shock wave forced more air out of the bleed holes. The change in engine-face 
mass flow with pressure recovery was thus due almost entirely to the change in 
bleed flow through zones III and IV. (The bleed flow through zone II can 
increase slightly with the terminal shock wave in its most forward position.) 
As illustrated by the data of figure 10, the boundary- layer removal required 
from the centerbody surface was greater than that required on the cowl. This 
was because of the relatively longer boundary-layer run on the centerbody and 
the two shock impingements on the centerbody boundary layer whereas only one 
occurred on the cowl. Boundary-layer measurements at several stations on the 
cowl and centerbody are shown in figure 11. Comparison of the pitot pressure 
profiles at the two stations on the cowl surface indicated that the boundary 
layer was thin and well controlled by the bleed through zone I. On the cen- 
terbody a similar comparison showed considerably thicker boundary layers at 
the throat survey station. The relatively thick boundary layer in the throat 
was believed to be caused in part by the lack of boundary-layer removal near 
the first shock -wave impingement on the centerbody. Comparison of the 
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boundary-layer pitot pressure profiles shown in figure 11 on the centerbody 
ahead of and behind this impingement (approximately x/r = 3.200) indicates a 
sudden thickening of the boundary layer but does not indicate separation. 
Consequently, about two-thirds of the total bleed was required on the 
centerbody. 

When the performance penalties associated with boundary-layer removal are 
estimated, it is necessary to consider the amount of bleed and also the total- 
pressure recovery of the bleed flow because the ducting required for the bleed 
flow is smaller with higher recoveries, and the bleed exit momentum recovery 
potential is greater. Both factors help to minimize the propulsion system 
weight and drag. Figure 12 shows typical boundary-layer bleed plenum chamber 
pressure ratios for each zone for the "B" exit setting. Fortunately, the 
zone IV centerbody bleed, which had the highest flow rate, also had the high- 
est recovery. In addition, the increase in recovery for zone TV with increas- 
ing bleed was favorable because, as shown in figure 10, the increase in total 
bleed was mostly through zone IV. 

Some of the effects of the terminal shock wave system on bleed flow vari- 
ation have been discussed, but little knowledge of the shock -wave position can 
be gained without examination of static pressure distributions. For this pur- 
pose three typical distributions for the 1.50 diameter inlet are presented in 
figure 13 to show the positions of the shock waves at three levels of perfor- 
mance. These distributions correspond to performance data shown in figure 6. 
The measured supersonic static pressure distributions agree reasonably well 
with the theoretical distributions shown in figure 1, although direct compari- 
son cannot be made because of differences in cowl position. For the experi- 
mental results the cowl was translated 0.045 x/R forward of the theoretical 
design position of figure 1. The theoretically sharp pressure rises at the 
shock wave reflection points were masked somewhat by the boundary layer, 
especially in the throat region where the terminal shock wave was in the posi- 
tion for maximum pressure recovery (fig. 13(a)). When the shock wave was far- 
ther downstream (figs. 13 (h) and (c)) the terminal shock wave pressure rise 
started close to the predicted pressure level (p/p = 13 * 0 ) and extended over 
some length as is characteristic of a shock wave train. As the terminal shock 
train moved downstream (figs. 13 (b) and (c)) the pressure recovery and bleed 
mass flow progressively decreased as shown in figure 6. As the shock train 
moved out of the throat region in which the bleed removal holes are located, 
there was no longer any change in bleed flow and the pressure recovery 
decreased rapidly. By altering the bleed hole distribution in the throat it 
should be possible to change the variation of bleed flow with pressure 
recovery to some extent. 

The previous discussion considered only the steady-state performance at 
0° angle of attack. Of equal importance is the resistance of the inlet to 
unstarting which might be caused by sudden changes in approaching flow condi- 
tions similar to those associated with gusts. A gust can change the local 
angle of attack suddenly by 2° or more. If an inlet can be pitched to this 
angle or greater without unstarting, it should be relatively insensitive to 
sudden changes in angle of attack of this order. When operated supercriti- 
cally with some recovery penalty, the present inlets have remained started up 
to an angle of attack of 3.5°* To illustrate this, figure l4 has been 
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prepared in which the pressure recovery for exit settings A , B, and C from 
figure 7 has "been replotted. To facilitate understanding of these curves a 
detailed explanation of the curve for bleed exit setting A is described. The 
data points were obtained at 0° angle of attack. Starting at 0° the angle of 
attack was increased until the inlet unstarted. At maximum pressure recovery 
(which represents the most forward position of the terminal shock wave system) 
an angle of attack of 0.5° unstarted the inlet as shown on the curve. If the 
pressure recovery were degraded a small amount (representing downstream with- 
drawal of the terminal shock wave system) , the angle of attack could be 
increased to c^ = 1.5° before the inlet unstarted. Further reducing the 
pressure recovery allowed the angle of attack to be increased to a limiting 
value of = 3.8°. At this point further reducing the pressure recovery had 
no effect on c^; it remained constant at 3«8°. 


Another characteristic of a gust besides suddenly changing the local 
angle of attack is the possibility of a reduction of the local Mach number. 
With the inlet operating at peak performance, the throat Mach number was 1.2 
or lower; hence, a slight reduction in local external Mach number could cause 
the throat to choke (M-th *♦ 1.0) which would result in unstarting the inlet. 
Figure 15 shows the maximum recovery of the 1.50 D inlet for several lip posi- 
tions, the highest recovery corresponding to the (x/R)]_qp = 2.33O position. 
Plotted in the lower part of the figure is the Mach number decrement from Mach 
number 3*0 that the inlet can experience before unstarting. (This curve was 
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position (x/R)]_j^p = 2.400 the inlet remains started as the Mach number is 
decreased from 3*0 to 2.8. It can be seen that if a gust causing a 0.1 decre- 
ment in local Mach number is to be tolerated, the inlet contraction ratio must 
be reduced so that the maximum inlet recovery is degraded about 1.5 percent. 


The cowl lip translation required to restart the inlet is plotted in fig- 
ure 16 for Mach numbers 1.55 "to 3*2. Also shown for comparison is the theo- 
retical lip position for restart which shows that the inlet started with less 
cowl translation than predicted. This favorable result was ascribed to the 
bleed flow removed from zones I and II upstream of the throat which decreased 
the amount of flow that the throat had to pass allowing the inlet to restart 
with less translation. Because of this, the inlet was self starting (no 
translation required) at = 1.55* 

The maximum pressure recovery and flow distortion of the 1.50 D and the 
modified 1.75 D inlets are compared up to 8° angle of attack in figure 17 • 

When the inlet was operated at angle of attack, the maximum pressure recovery 
attainable was less than at a = 0° as indicated. The performance of both 
systems deteriorated rapidly above 2°, but the recovery of the shorter inlet 
was about 1 percent better up to 5°* Above 5° the distortion in the shorter 
inlet became more serious and the pressure recovery reduced accordingly. 


To match an inlet to an engine it is important to know the engine -face 
mass-flow capability at angle of attack. This capability is presented in fig- 
ure 18 for the B bleed exit setting. It can be seen that up to 5° the mass- 
flow capability remained fairly high, but at 8° the flow was seriously reduced 
and accompanied by high flow distortion. As mentioned in the section for 
Accuracy, no attempt was made to calibrate the main duct and bleed flow at 
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angle of attack, and the error involved in the main duct mass flow at angles 
of attack above 2° may be as much as 5 percent. The mass-flow values shown-at 
angle of attack should therefore be treated as qualitative. 


Off -Design Performance 


Maximum performance of the three inlets is shown in figure 19 for Mach 
numbers from 0.6 to 3.2. The recovery for the initial inlet remained about 
4 percent lower than that for the other two inlets from Mach numbers 1.55 to 
3.0. This was attributed to flow separation caused by the rapid initial 
expansion in the subsonic diffuser as previously mentioned. Use of a linear 
static pressure variation in the design of the subsonic diffuser provided a 
low initial rate of expansion in the throat region and produced good perfor- 
mance at design and off -design Mach numbers even though the throat shifted 
with translation as shown in figure 2(a). The 1.50 D inlet with vortex gener- 
ators was designed so that the throat did not shift with translation (see 
fig. 2(b)) and incorporated the low initial rate of expansion in the subsonic 
diffuser. Its recovery was generally equal to or about 1 percent higher than 
the modified inlet and the distortion was considerably lower throughout most 
of the Mach number range. It should be pointed out that the data for 
M^ = 3.2 were obtained with the contraction ratio corresponding to that for 
maximum recovery at M^ =3.0. Model design features prevented translating 
the centerbody to increase contraction ratio which would have increased the 
pressure recovery. The transonic results from Mach numbers 0.6 to 1.2 were 
obtained from an optimization procedure with a selected engine as described in 
appendix B. The transonic data show that the distortion for the shorter inlet 
with the generators was reduced by about 2.5 percent from that of the modified 
inlet . 

One of the prime concerns in the transonic range was the need for low 
additive drag as pointed out in the discussion of the design. The considera- 
tion of drag alone was not enough, however, to define the best operating con- 
dition. As a minimum consideration the effects of pressure recovery and 
additive drag were optimized for a selected engine to obtain the best operat- 
ing conditions for a given vehicle flight profile. The additive drag and 
total -pressure recovery were functions of the inlet mass flow and the cowl 
position. Positions for minimum additive drag were also those with low recov- 
ery as indicated in figure 20. The only realistic way of considering the best 
combination of recovery and additive drag was to select an engine with a known 
airflow schedule and optimize the thrust minus additive drag for a given 
flight profile. In this way the optimized set of curves in figure 20 was 
obtained. Because of the strong influence of pressure recovery on engine 
thrust, optimum performance occurs with other than minimum additive drag. 

Each engine-inlet combination requires a new optimization; hence, more com- 
plete data and a sample computation for the results shown in figure 20 are 
presented in appendix B. The theoretical additive drag shown in figure 20 was 
computed with the method of characteristics and compares reasonably well with 
the experimental results. As mentioned in appendix B optimum performance at 
all transonic Mach numbers occurred with the cowl lip at or near 
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(x/r) ]_ ip = 3*50 while minimum additive drag occurred with (x/R)]_ip = 3.65. 
This reduction in translation of 0.15 x/r could result in a reduction of the 
inlet weight. 


CONCLUDING REMARKS 


A 20-inch capture diameter model of a mixed compression axisymmetric 
inlet system designed for high performance from = 0 to 3.0 has heen 
tested. Three relatively short subsonic diffusers have been tested in combi- 
nation with virtually the same supersonic diffuser. The main conclusions to 
be drawn from these tests are that the supersonic portion of the inlet per- 
formed as predicted, and that the main difficulty in achieving high perfor- 
mance lay in the elimination of flow separation in the throat and subsonic 
diffuser. Vortex generators located just downstream of the throat were effec- 
tive over the complete Mach number range in reducing the total pressure dis- 
tortion at the engine face of the shortest subsonic diffuser tested. Without 
vortex generators the distortions were high (about double that with genera- 
tors) and were considered unsatisfactory for most engines. The distortion 
with the generators was less than may be needed and suggests that even shorter 
subsonic diffusers are practical. 

The inlet with the shortest subsonic diffuser was about 1.50 cap Lure 
diameters long measured from the cowl lip to the engine face. The supersonic 
portion was successfully designed with the aid of a computer program employing 
the method of characteristics. The subsonic diffuser problems were overcome 
with a design employing a linear Mach number variation from the beginning of 
the throat to the engine face. This variation allowed a low rate of initial 
expansion in the throat and avoided flow separation. 

The inlet showed good resistance to unstarting which might result from 
atmospheric disturbances such as gusus. Opera. Li un e.L & lightly supercritical 
conditions with only a relatively small reduction in maximum pressure recovery 
was needed to maintain started conditions for local angles of attack ranging 

to 3. 5°. 

Control of the boundary layer has been accomplished with four porous 
bleed areas. The boundary layer in the supersonic portion of the diffuser was 
effectively controlled by bleeding just ahead of two internal shock wave 
impingements. A distributed pattern of bleed in the throat region allowed an 
increase in bleed flow and engine -face recovery as the terminal shock-wave 
system moved into the throat. By altering the distribution of the bleed holes 
in the throat it should be possible to either lengthen or shorten to some 
extent the distance the terminal shock wave system can travel for a given 
level of performance. 


Ames Research Center 

National Aeronautics and Space Administration 

Moffett Field, Calif., 9^035, Sept. 1, 1967 
720-03-01-01-00-21 
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APPENDIX A 


PLOTTED DATA 


Figure 21.- Theoretical inlet mass-flow ratio, a = 0°. 

Figures 22(a) - 22(h) 1 .- Supercritical performance, 1.50 D inlet with vortex 
generators, cl = 0®, bleed exit settings A, B, and C, B^,-, = 3*2 to 1«55» 

Figures 23 (a) - 23 (g) 1 .- Supercritical performance, 1.50 D inlet without vor- 
tex generators, cc = 0®, bleed exit settings A and C, B^ — 3*0 to 1.55* 

Figure 24.- Supercritical performance, 1.50 D inlet with vortex generators, 
bleed exit setting B, = 3*0, a = 0°, (x/R)-^p = 2.320, 2.330, 2.350, 
2 . 370 , 2.400. 

Figures 25(a) - 25(h).- Bleed zone mass flow, 1.50 D inlet with vortex genera- 
tors, a = 0°, bleed exit settings A, B, and C, B^ = 3*20 to 1*55* 

Figures 26(a) - 26(f).- Pitot pressure profiles, 1.50 D inlet, bleed exit set- 
ting B, a = 0°, = 2.75 to 1.55 * 2 

Figures 27 (a) - 27(d).- Bleed zone plenum chamber pressures, 1.50 D inlet with 
vortex generators, (x/R) lip = 2 . 33 O, B^, = 3*00, a = 0°, bleed exit settings 
A, B, C, and D. 

Figures 28(a) - 28(d).- Maximum bleed zone plenum chamber pressures, 1.50 D 
inlet with vortex generators, a = 0°, bleed zones I, II, III, and IV. 

Figures 29(a-c) - 35(a-c).- Static pressure distribution, 1.50 D inlet with 
vortex generators, bleed exit setting B, a = 0°, B^ = 3*20, 2.75 to 1.55 * 2 

Figures 36 (a) - 36 (g)*- Maximum performance at angle of attack, 1.50 D inlet 
with vortex generators, B^, = 3*00 to 1 . 55 * 

Figures 37(a) - 37(g) Maximum performance at angle of attack, 1.50 D inlet 
without vortex generators, B^ = 3*06 to 1.55* 

Figures 38 (a) - 38 (e).- Supercritical performance at angle of attack, 1-50 D 
inlet with vortex generators, bleed exit setting B, B^ = 2.75 to 1.75* 

Figures 39(a) - 39(i)»- Transonic total -pres sure recovery and additive drag, 
a = 0 °, B^ = 0.60 to 1 . 20 . 


^•Half-filled symbols on these figures indicate points 
data are presented. 

2 B^ )0 = 3*00 data shown in section on Discussion only. 


for which tabulated 
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APPENDIX B 


METHOD OF DETERMINING THE OPTIMUM COMBINATION OF TRANSONIC 
ADDITIVE DRAG AND TOTAL -PRESSURE RECOVERY 


The transonic additive drag and total-pressure recovery were a function 
of the inlet mass flow and the cowl position. Conditions that yielded low 
additive drag generally yielded low recovery. The reverse was also true; 
therefore, the tradeoff between drag and recovery was calculated for an appro- 
priate engine with an assumed flight profile to show an example of the optimum 
combination of additive drag and pressure recovery. Data needed for optimiza- 
tion at Mach numbers 0.6 to 1.2 are presented in figure 39(a), and an example 
of the computation procedure is outlined below for Mach number 0.6. 

From engine performance data, values of thrust for 100-percent throttle 
setting were found at Mach number 0.6 at the altitude defined by the assumed 
flight profile shown in figure 4o(a). These values of thrust were corrected 
for the pressure recoveries for the range of inlet mass flow ir^/m^ shown in 
figure 39(a). Thrust was converted to thrust coefficient Cpjj, and from Cpjj 
the corresponding additive drag coefficient Cp a was subtracted. At this 
point the engine mass flow demand was checked to see if enough flow was avail- 
able from the inlet. Since there was ample inlet flow, as shown in figure 20, 

part was bypassed, producing an additional drag penalty that was not included 
in the computations. Curves of Cpu - Cp^ versus m 0 /m were determined for 
each cowl position (x/fOiip as shown in figure 40(b). For the Mach number of 

this example the peak or optimum Cfn - CD a occurred near n^/ir^ = 0.355 with 

(x/R)]_j_p = 3*50. Then CD a and for this point were plotted in fig- 

ure 20 as were the points for other transonic Mach numbers. For this particu- 
lar engine-inlet combination the optimum transonic operating points shown all 
occurred with the cowl lip near the x/R = 3*50 position. 
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TABLE I.- INLET COORDINATES 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, P t2 /p t 


The following include total pressure recoveries from 
the individual tubes which were mounted at the engine 
face. Other quantities of interest are also included 
A sketch showing the location of each tube is shown 
below. 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - Continued 
(a) I.50 D inlet with vortex generators 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - Continued 
(a) 1.50 D inlet with vortex generators 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - Continued 
(a) 1.50 D inlet with vortex generators 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p ts /p t - Continued 
(a) 1.50 D inlet with vortex generators 
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1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.903 

0.910 

feel 




Bl 



0.892 

0.922 

0.936 

0.932 

3 

0.928 

0.921 

BUH 

O.909 

n 


Bl 



0.888 

0.910 



5 

0.916 

0.911 

0.918 

0.906 



6 

0.931 

0.921 

0.920 

0.902 



Mco = 

= 3.00 

a = 

0.0° 

m o/ m oo = 

0.999 

Exit setting = 

B 

Pta/Pu = 

0.885 n^-) /m M = 

0.086 Atu = 

0.087 


Po/p~ = 3C 

.71 















RAKE 



TUBE 

NO. 



E 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 

Ba 

1 

2 

3 

4 

5 

6 

1 

0.874 

0.874 

0.867 

0.873 

0.868 

0.864 

Bl 

0 . 868 

0.884 

0.865 

0.890 

0.900 

0.909 

3 


mala 

0.902 

0.874 



Bl 







5 

0.894 


0.884 

0.870 



Jj 

0.921 

0.909 





Mco = 

3.00 

a = 

0.0° 

m 0 

/ m co = 

0.999 

Exit setting 

5 = 

B 

Ptp/Pt = 

°.8l4 mhT/ffioo = 

0.071 Ap-i- = 

0.108 


p Jv„ “ 27.87 








*-'28 







RAKE 



TUBE 

NO. 



RAKE 




NO. 



NO. 

1 

2 

3 

4 

5 

6 

NO. 

l 

2 


4 

5 

6 

1 


0.796 

0.780 

0.793 

0.806 

0.799 

2 

0.818 

0.809 

0.777 

0.809 

0.863 

0.819 

3 

0.865 

0.820 

0.811 

0.806 

0.826 

0.805 

4 

0.811 


0.784 


ESI 

0.842 

5 

0.848 

0.808 

0.793 

0.793 

0.785 

0.779 

6 

0.856 

0.824 

0.832 




Moo = 

3.00 

a = 

0.0° 

m C>/ m oo = 

0.999 

Exit 

setting = 

c 

p+- 

/P+ " 

0.902 

“>bl/ m oo = 

0.098 A 

Pto =. 

0.068 


Pp/p 

= 31.43 

00 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

1 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.896 

0.902 

0.904 

0.895 

0.885 

O.892 

2 

0.888 






3 

0.924 


0.921 






0.888 

0.881 




5 

0.909 


0.909 






0.917 

i-i 
1 — 1 
ON 

O 
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TABU! II.- ENGINE-FACE PRESSURE RECOVERY DATA, p + /p + - Continued 

L oo 

(a) 1.50 D inlet with vortex generators 


M oo = 3-00 a = °- 0 ° mr,/rc m = 0-999 Exit setting = C 


Pts/Pt^ = 0-890 ru b i/m M = 0-082 Ap ta = 0-094 P 2 /Pco " 30-87 



TUBE NO. 

RAKE 

TUBE NO. 

Li 

2 

3 i 

4 

5 

6 

NO. 

1 

2 

3 

1+ 

5 


T 

X 


EEH 


0.874 



2 


939 

BWSWI 


0.908 


3 


HB 


0.879 

0.900 

0.876 

k 




939 


f . 

5 

0-904 

00 

00 

d 

0.893 

0.874 

0.868 

0.849 







0.875 


Moo ~ 3-00 a - 0-0 iDo/iDoo = 0-999 Exit setting = C 

Pt. 2 / Pt- w = 0- 820 ^hi / m oo = 0.065 Ap t . = 0.108 p 0 /p„ = 28.11 


RAKE 

NO. 

TUBE NO. 

RAKE 


1 

2 

3 


5 

6 

NO. 

1 

2 



5 


1 

0.857 

-=t 

0 

00 

d 

0.789 

0.797 



2 



0.785 

0.813 



3 


0.824 

0.812 

0.809 



4 


PH! 

0.791 

0.803 



5 

0.858 

1 — 1 
CO 

d 

0 . 791 + 

0.795 



6 


B 

0.832 

0.816 


BB 


= 2-73 a = 0-0° m o/ ID oo = 0-938 Exit setting = A 


Ptg/Pt,,, = 0-91^ mb]>oo = 0^133 Ap t2 = O-HO P^P*, ° 21-99 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. | 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

n 

spU 

0.901 


0.907 


MSS 








mm 

H 

0.938 


0.898 


EB8I 

4 

931 






5 


0.910 


0.891 


KKiil 



0.935 

0.920 

mm 




M ro = 2 . 79 O. = 0.0 mo/moo = 0 -938 Exit setting = A 


0,119 a ^- °-° 81 p-/p..- ai - te 


RAKE 

NO. 

TUBE NO. 

H 

TUBE NO. 

1 

2 


4 

5 

6 

1 

2 

3 

4 

5 

6 

1 


H5Y5H 

mtnl 

0.899 

O.927 

0.882 

2 

0.885 

0.916 

0.887 

0.914 


ABU 

3 

faaaa 

Mg 


O.892 

0.920 

0.863 

4 

0.879 

0.903 

0.886 

0.902 

9 


5 

IBM 


0 

VD 
O 
— J 

O.890 

0.901 

0 . 865 




0.920 

0.914 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t 2 /p t - Continued 
(a) 1.50 D inlet with vortex generators 


Moo “ a = Q m o/ m oo = Q ‘ 938 Exit setting = A 

Pt 2 / p t 00 = °- 8 ^ m bl/ m <» = 0-Q9T Ap t2 = 0.103 P 2 /p ro * 19-97 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

3 


5 

6 

1 

2 

3 


5 

6 


O.889 

00 

00 

00 

0 

0.827 

HB 



m 

0.842 

LT\ 

CO 

o 


0.841 

0.894 

0.838 



0.874 

0.848 




1 


0.862 





mm 

O.889 

0.837 

0.834 

fE2HS 



6 

0.906 

0.875 

O.889 

- 3 " 

LT\ 

CO 

d 

0.874 



Mqo = 2.75 a = 0.0 ° m o/ m oo = 0-938 Exit setting = B 


Pt 2 /P tco = °-913 = 0.120 Ap t2 = 0-123 P J Voo = 21-38 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 


2 

3 

4 

5 

6 

1 



0.926 

0.898 

O.914 

O.861 

2 

[SHI 


0.921 

0.943 

0.918 

O.878 

3 




0.889 

0.910 

-=t 

LT\ 

CO 

d 


Eggi 

Eg^| 

0.915 

0.904 

0.914 

0.925 

5 



BKl 

0.884 

0.895 

0.859 

6 

0.963 


0.916] 





M^, = 2,75 a = Q.o° m O / m 0O = 0 ■ 938 Exit setting = b 


p t.V p t^ = 0-902 m bi/ m oo = 0 . 10 ^ Ap t _ = 0.109 p 7 p~, * 21.13 



TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.930 

0.891 

0.910 

0.887 

O.918 

0.866 

m 


H| 

0.890 




3 



0.911 





0.883 


0.885 

9 



5 

Em 


0.911 




6 

0.946 

0.918 

0.907 




= 

P t 2 

2.75 a = 0.0° m 0 , 

Vx, = 
p t 2 = - 

0.938 

Exit setting 

p 2 /p< 

= B 

/p, = 0.873 0.091 A 

L 00 

0.098 

»- 20 ‘31 

RAKE 

NO. 

TUBE NO. 


TUBE NO. 


2 

3 

4 

5 

6 

E9 

1 

2 

3 


5 

6 

i 


HESS 

0.854 

O.887 

0.850 

a 

0.859 

0.873 

0.843 


HB1 

■I 

3 


0.888 


0.848 

0.873 

0.853 

— 


0.868 

0.838 


HB 


5 

wm 

0.855 

mm 

0.854 

OA 

LTN 

CO 

O 

0.847 

B 

0.924 

0.892 

0.895 


9B 

■9 


24 















































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p ts /p t - Continued 
(a) 1.50 D inlet with vortex generators 


'°° — ^j_T 5 a = _°. ,Q m Q / rn m - °-938 Exit setting = c 

p t 2 /p too ° 0-909 m bl/ m oo =_ 0 1 104 _ A p t ^ = 0.121 P2/P00 * 21 -° 8 



TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 


Mm 

0.902 

0.925 




m 

0.889 

0.909 

0.886 

0.946 

0. 957 

O.856 



0.936 

— — 




in 

m3 

0.908 

O.907 

O.903 

0.908 

O.921 

5 


0.908 

0.934 

0.878 

0.885 

O.856 

n 

M 

0.937 

0.937 

0.904 




= — b 31 a = Q -°° m o/ m oo = °-938 Exit setting = C 


Pto/Pt.^ = 0 -879 ”W m co = 0.087 Apt. = 0.112 p 0 /p^ = 20.23 


RAKE 

NO. 


TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 




NO. 

1 

2 

3 

4 

5 

6 

1 

O.918 

0.867 

0 . 866 

HU 

MSI 


2 

0.857 

0.882 

0.851 

0.900 

O.930 


3 

O.912 

0.906 

0.905 




4 


0.876 

0.852 

0.884 

0.895 

9 

5 

0.907 

0.868 

0.873 




6 


0.905 

0.924 

O.877 

0.893 

ifa 


= 2 . 50 cc = 0 . 0 ° m o/ m oo = 0.851 Exit setting = A 


Pt,/Pt 00 = °-930 nthi/nipo = 0-130 Ap ^ = 0 - 0 T 6 p 7 p- - ^-76 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.937 



^9 

0.943 

O.917 

2 

0.904 

0.932 

0.911 

0.949 

0.950 

0.926 

3 

0.949 

0.943 

0.952 

HESS 

0.930 

0.889 

4 

0.915 

0.911 




0.960 

5 

0.937 

0.908 

0.939 

0.923 

0.925 

0.906 

6 

0.949 

0.944 

Hi 



0.907 


^00 - ^0 a - 0-0 m o/ m oo - 0-851 Exit setting = A 


P t ./p too = 0-901 “bi^oo = 0JL04_ Ap t _ = 0.108 p 7 p ot ° 1^-15 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

O.878 

0.863 

0.879 

0.907 

0.916 

0.898 

2 

0.865 

0.877 





3 




0.909 

0.905 

0.908 

4 

0.866 

0.869 




HUB 

5 

0.890 

0.872 

0.887 

0.916 

0.894 

0.886 

6 


0.904 




0.917 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t 2 /p t - Continued 
(a) 1.50 D inlet with vortex generators 


M = 

1 : oo 

2.50 

a = 

0 . 0 ° 

m n 

/m co = . 

0.851 

Exit setting 

= 

A 

Ptp 

/Pt = 

0.849 

ra bl/ m cc “ 

0.093 Ap*„ = 

0.145 



Ps/Pco 

» 13-07 


u oo 













RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.853 

0.813 

0.831 



0.832 

2 




Mil 


WM 

3 






0.809 

4 

991 


1919 

0.874 

0.857 

0.875 

5 

0.871 

0.833 

0.851 

0.853 

0.807 

LT\ 

ON 

0 - 

O 

6 

0.863 





0 . 863 

Moo = 

= 2 . 

50 

a = 

0 

. 0 ° 

m 0 /nim = 

0.851 


Exit setting = 

B 

Pt a 

/pt = 

0.929 = 

0.108 An*. = 

0.085 



p^/p m = 















RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.917 

0.894 

0.918 

0.926 

0.941 

0.925 

2 

0.888 

0.914 

ON 

CO 

CO 

d 

0.952 

O.961 

O.961 

3 

0.937 

0.936 

0.962 

0.933 

0.927 

0.920 

4 

0.895 


0.897 

0.958 

O.951 

O.967 

5 

0.931 

0.900 

0.928 

0.933 

0.921 

0.907 

6 

0.941 


0.964 

0.948 

0.963 

O^^ 

Mco = 

2 . 

50 

a = 

0 . 0 ° 

m 0 

/“eo = 

0.851 

Exit setting = 

B 

Pt 2 

/ p t ro = 

0.895 m^/m^ = 

0.091 An*. = 

0.118 


p 2 / p < 

13-93 















RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

i-H 





B5 

0^9 


0.850 

0.850 

O.856 

0.910 

0.943 


3 

0.866 

on 

CO 

CO 

d 

0.931 




4 

0.852 

0.849 

O.856 

0.915 

0.938 


5 

0.875 

0.863 

0.880 

0.912 


0.886 

6 

0.879 


IMffl 



IMS! 

Mco = 

2 . 

50 

a = 

0 . 0 ° 

m 0 

A^oo = 

0.851 

Exit 

setting = 

B 

P+- 

/P + = 

0.829 m-hi/nia, = 

0.084 A 

= - 

0.118 


p P /p 

*= 12.50 

00 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

9^9 



0.807 

0.815 

0.806 

2 

0.790 

0.811 

0.802 

0.863 

0.847 

0.835 

3 

199! 



0.806 

0.806 

0.822 

4 




0.883 

0.840 

0.868 

5 

E3 

^9 


0.798 

0.798 

0.803 

6 

0.868 


0.888 

0.838 

0.811 

0.838 


26 
































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t 2 /p t - Continued 
(a) 1.50 D inlet with vortex generators 


^ ■ 2 '^° a = — — m o/ m oc = °- 8 ^ 1 Exit setting = £ 


Ptg/Pt^ = ,- °-926 = 0.095 Ap t2 =_ 0 1 083 _ P P /p„ « 14-56 


RAKE 

NO. 



TUBE NO. 

EaSal 

TUBE NO. "1 






6 

1 

1 

2 

3 

4 

5 

6 

m 


HEBEI 

Mi 

MB 

HBB 


D 




Mb 

BEB 

0.960 

3 


EffiSfa 


WSH 



O 




MM 

SPH) 

0.961 

5 





Mia 



SBM 

0.940 

0.964 

HEH 


0.891 


^ - .. g ' 5 Q a = — 0 J) ° mo/nioo = 0-851 Exit setting = C 


Ptg/Pt^ ~ °- 8 92 n>bl/ m oo = Q -°T 8 Ap + _ = °-ll 8 Pp/p^ = ! 3- 85 


RAKE 



TUBE 

— 

NO. 

RAKE 



TUBE 

NO. 



NO. 

m 



4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 




raflpjl 


^9 

a 

0.842 

0.851 

0.869 

0.923 

0.939 

0.932 

3 


EBI 





a 

0.849 

0 

Lf\ 

00 

0 

0.868 

0.918 

0.931 

o.qk 7 

5 








O.869 







^do = ^ a ~ £ • £ ° ^o/^oo _ Q«8$l Exit setting =* C 


Pts/Pt^ ~ 0-843 m bi/ m oo = 0 - 0 T 2 Ap t2 = 0.148 P 2 /Poo * 12-84 


RAKE 

NO. 

TUBE 

NO. 


RAKE 

TUBE NO. I 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

KBii 





nffuml 

ob 

2 

0.802 



mm 

0.866 

0.874 

II 

090 


PM 



Q 9 | 

4 

0.792 


EBBBI 

MR 

0.875 

O.918 

5 




^91 



6 

0.848 


1 — 1 
O 

a\ 

d 

0.856 

0.841 

O.877 


Moo ~ £ • ^5 a - Q-Q m o/ nl oo ~ 0-738 Exit setting = A 


p t -/p tro ~ 0-952 ^hi/mpo = 0-133 A P tg = 0.048 P. 7 p rr ■ 10-26 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.933 

0.935 

0.953 




a 




0.968 

0.965 

0.963 

3 

iEBsEI 



Eftlab 

Q^| 


4 



Emu 

e wm 

0 . 966 

0.974 

5 

91 

0.932 

0.953 

0.945 



6 

0.949 

0.953 

0911 


0.969 

0.968 


27 




































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p ts /p t - Continued 
(a) 1.50 D inlet with vortex generators 


Hx> - 2 .25 a = O-Q m o/ m co - °-738 Exit setting = A l 


Ptp 

/Pt = 

0.930 IDhT/rDoo = 

0.108 Ap^„ = 

0.093 



Ps/Poo 

- 9 

.90 


u oo 













RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.891 

0.913 

0.938 

0.954 

0.957 

0.939 

HI 

0.887 

0.891 




am 

3 


0.898 



0.942 

0.951 

HI 

0.886 

0.896 




Wi 

5 

0.910 

0.905 



0.941 

0.937 

6 

0.909 

0.924 





Moo = 

2.25 

a = 

0.0 

0 

m o/ m oo = 

0.738 

Exit 

settinK = A 


Pt 2 

/Ptoo = 

0.889 mhi/iDoo = 

0.078 Atu = 

O.093 



P-A> = 9-14 















RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

— 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 1 

1 




— 

0.899 

0.896 

0.871 

2 

0.845 

0.859 

0.878 

0.896 

0.881 

0.888 

3 





0.877 


4 

O.861 

0.893 

0.921 

0.922 

0.921 

O.915 

5 

0.864 

0.867 

0.884 

0.892 

0.884 

O.863 

6 

0.874 

0.892 

0.916 

0.927 

0.921 

0.912 

Moo = 

2.25 

a = 

0.0 

0 

m Q 

/“oo = 

0.738 

Exit setting =* B 


Pt^/Pt = 

0-947 = 

o.ios 

Ap+ _ = 

0.060 



p /p * 10.09 


















TUBE 

NO. 



RAKE 



TUBE 

NO. 




1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

w 




0.957 

QSS 

2 


m 



HISI 

O.962 

3 





0.954 

HBl 

4 

m 


ill 

MB 



5 





0.940 

2 S 


mm 


BB 

1 



M ro = 

2.25 

a as 

0.0 

0 

m o/ m oo ~ 

0.738 

Exit 

setting = ® 



/p+ “ 

0.933 Bm/lBco = 

0.092 A 

P+.o = - 

0.098 


p 2 /p 

D[ - 9-83 

X) 



TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 . 

1 

2 

3 

4 

5 

6 

1 

H 

HBB 


0.957 

0.951 

0.937 

2 

0.886 

0.895 

0.920 

0.958 

0.959 

O.969 

3 

HH 

BIB 


0.955 

0.935 

0.956 

4 

0.886 

0.897 




Hffll 

5 



am 

0.9^3 

0.933 

0.926 

6 

0.921 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p + /p t - Continued 

^oo 

(a) 1.50 D inlet with vortex generators 


^ = 2 - 2 5 a = °-°° ‘ D 0 / m oo = °-T38 Exit setting = B 

Pt 2 //p t 0O = °-9° 2 mti/moo = 0-071 Ap ts = 0-098 Pg/Pco * 9-30 



TUBE NO. 


TUBE NO. 

1 

2 

3 

u 

5 

6 


1 

2 

3 

4 

5 

6 i 

M 



0.927 

0.918 

0.913 

0.893 

B 



1813 





5B 


0.907 

0.915 

0.887 


WM 

0.863 

0.899 


B9 

0 

0 

0.935 

5 

0.876 

0.877 

0.894 

1 — 1 
1 — 1 

ON 

O 



B 




MM 




M^, = 2 -23 a = 0 • 0 m o/ m oo = 0 . 738 Exit setting = C 


P+.VPt. w = 0-945 mti/iDoo = 0.093 A P j_ = 0.067 Pg/p^ = 10.01 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 


3 

4 

5 

6 ] 

1 

HIM 


0.947 

0.960 

0.952 


B 



0.937 

0.962 


MM 

3 



0.953 

0.969 

0.945 

MM 

B 



0.936 

0.964 



5 



0.951 

O.940 

0.930 

mb 

6 



0.963 

0.967 

BIB 



- 2.25 a = 0.0° m o/ m oo = 0.738 Exit setting = C 


P.Vp. - °-M 3 0.083 flPt . , 0.096 p g /p„- 9- 8 ° 


1 1 

RAKE 

NO. 

— 1 

TUBE NO. | 

— 

HAKE 

1 

TUBE NU . j 

1 

2 

3 

4 

5 

6 

NO. 

1 


3 

4 

5 

6 

1 

0.894 

0.911 

0.935 

0.956 

0.946 

0.935 


QB9 

mm 

EKB1 


0.962 

0 

t— 

ON 

o 

3 

0.882 

0.908 

HR5 

0.963 

0.926 

0.959 

4 



SMI 

igm 

mm 


5 




0.941 

0.929 

0.918 




0.958 





= £ *25 a = Q »Q ° D3o/ m oo ” Q • 738 Exit setting = £ 


p /p = 0-892 0-060 Ap = 0.090 P 2 /P ro - ..... 

^2 ^00 



TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

«j 

1 

0.847 

0.893 

0.919 

0.903 

0.886 

0.859 

2 



0.871 

HEW8 

BUI 

BBS 

3 


0.889 


0.910 

0.875 

0.899 


0.865 

0.895 

0.927 




5 

1 — 1 

c— 

CO 

d 

0.865 

0.896 

0.895 


EBoD 

0.886 

0.908 

0.920 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t /p. - Continued 

u oo 

(a) 1.50 D inlet with vortex generators 


M to = 2.00 a = 0-0° = 0-62^ Exit setting = A 


Pt 2 / p t ° °' 9 ^ 8 m bl/ m oo = 0 ' 12 i 


0.043 




, 7 | 0.9421 O. 958 I 0.97510.970 
5 Q-951 Q-961 0-975 Q-937 

2lo.q44lo.965lo.956lo.955 



Exit setting 





































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t /p t - Continued 

^ 2 ^oo 

(a) 1.50 D inlet with vortex generators 


Mco - 

2.00 

a = 

O.C 

0 

“o/®CO = _ 

0.625 

Exit setting 

= B 


p+„/p+ " 

0-943 mti/nico = 

0.095 Ap+. _ = 

0.055 



Ps/Pco 

* 6.72 


w oo 













RAKE 



TUBE 

NO. 



f§|3 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 


1 

2 

3 

4 

5 

6 

1 

0.919 

0.932 


0.955 


0.930 

a 

0.912 

0.914 

0.925 

0.960 

0.955 

0.956 

3 



mm 

0.958 

wm 

WB1 

D 

0.924 

0.924 

0.945 

0.954 

0.963 

0.960 

5 

0.930 

0.928 

0.952 

0.941 


B3PBSB1 

1 


0.950 

0.956 

0.957 


n 

Mco = 

= 2 . 

00 

a = 

0 . 0 ° 

IDo/lDco = 

0.625 

Exit setting = B 

Ptp/Pt = 

0.907 mhi/ m co = 

0-079 An. = 

0.120 



Pp/p m = 6 * 38 















RAKE 



TUBE 

NO. 






TUBE 

NO. 



NO. 

1 

2 

3 

1 + 

5 

6 

EB 

1 

2 

3 

4 

5 

6 

1 

0.863 

0.882 

0.902 


0.939 

0.928 

2 

0.855 

0.869 

0.889 

0.912 

^Hg 

0.943 

3 

0.856 







0.863 

0.872 

0.896 

MSI 


nmDi 

5 






5B83 

6 



0.911 

MSI 


n 

Mm = 

2.00 

a = 

0 . 0 ° 

IDo/nico = 

0.625 

Exit setting = C 


VfJPf. = 

0.955 tOhi/nicc = 

0 .090 Atd+. _ = 

0.057 



p 2 /p< 

- 6.83 


00 






- u ^ 







RAKE 

] TUBE NO. 

RAKE 



TUBE 

NO. 



NO. 

| 1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

|o .931 

MB! 



0.949 

0.947 



0.926 


M 

BsMrl 

0.978 

3 

I 0.930 

12^*1 


MBS 

0.944 

0.974 



0.930 


BBS 

Biiiy 


5 

00 

0 

0.937 

0 . 966 


0.936 

0.932 


0.954 

0.961 


2D 

0.972 

0.975 

Mco = 

2.00 

a = 

0 . 0 ° 

m Q 

/m 00 = 

0.625 

Exit 

setting = ^ 

J 

P+, 

,/p+ = 

0.936 = 

0.079 A 

PtP = - 

0.071 



vjv 

00 — 

5 . 61 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

3 

4 

5 

6 


1 

2 

3 

4 

5 

6 

1 

0.902 

0.928 

Q2S 

BUI 



2 

0.894 


flEBI 

Egg? 

0.952 

0.953 

3 

0.893 

0.911 


IHM 


0.941 

4 

0.907 


3B8 

111111 

0.957 

0.957 

5 

0.924 

0.925 

HfeSr: 

0.938 

0.932 

0.925 


0.933 

0.949 

0.958 

0.958 

00 

u ~\ 

o \ 

O 

O.960 


31 























































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p + /p t - Continued 

^00 

(a) 1.50 D inlet with vortex generators 


Vnu = 0.625 


Exit setting = 


TUBE NO. 
4 


8761 O.895 I O.925 1 0.932 1 0.922 II 2 

860 0.881 O.912 O.919 O.928 4 

8881 0.9071 O.916 O.928 O.931 6 


TUBE NO 


847 | 0-869|0.889 
852 0.866 0.890 

86S I 0.881 


1.(5 

a s 

mo/m^ = 0.521 

Exit setting 

p t =_ 

0.951 m hl /m 00 = 0.099 

Ap t „ = 0-036 

p 2 / p oo 


1 


0.931 


TUBE NO. 


3 


TUBE NO. 


958|0 1 965 1 0 . 951 1 0 . 937 

961 0.9 
0.948 1 0.949 1 0.956loh9 


a = 0.0° 


mn/m™ = 


PtlPt, ■ H'l/'V,- °- o8 T A Hs . 


0.521 

0.070 


1 


0.887 


TUBE NO. 


3 


950 | Q-9fe 
951 0.95 


961 0.963 I0.960 lo. 959 


Exit setting = A 

p_/p = 4.32 

r 2 00 


TUBE NO. 


0.91510.931 10.934 10.929 


0.901 0.908| 0.9271 0.936| 0.9331 0.929 


0.926 0.934 


0.927 0.927 0.911 


0.889 Q-900 0.925 0.943 0.947 0.940 
0.920 0.926 0.933 0.927 0.918 0.904 
0.903 0.924 0.944 0.951 0.949 0.937 


a = 

fflo/ m oo = 

Exit setting 

O.856 = O.O78 

Ap t = 0.084 

p 2 /p a 


TUBE NO 


3 


857|0.870| 0.8891 0.90 
857 0.865 O.874I 0.88 
8551 0.8731 0.901 


TUBE NO. 


0.859 0.870 o. 889|Q. 904 [ 0.915 [ 0.9Q9 
0.859 0.873 Q.884 0.893 0.902 0-895 
0.856 0.871 0.885I0.891 lo.888lo.876 




































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, Pt^Pt 
(a) 1.50 D inlet with vortex generators 


Continued 


= 1.7$ a = 0.0° m Q Moo = 0» $21 Exit setting = B 


p+„/p+ = 

0 . 960 m-u -1 /nioo = 

0.092 Ap+„ = 

0.050 



P 2 /P 00 

. 4.58 


u OO * 






'-’el 










TUBE 

NO. 


^M 

SSliS 



TUBE 

NO. 



I 

1 

2 

3 

4 

5 

| 

1 

1 

2 

3 

4 

5 

6 

— 

S3 

SUB 


O .981 

ffjffjSl 


m 


mfl 

Mil 

0.968 

m 

B| 

3 



M 

0.976 


SMI 

m 




aeia 

Bl 

Ml 

5 

MSB 

ebM 

0.967 

0.965 

EMI 

EBM 


gHi 

SMS 

SSI 

B 

0.981 

0.982 

NL = 

1.75 

a = 

0. 

0° 

IDo/lDoo = 

0.521 

Exit setting = E 


Pto/Pt. = 

0.932 mhi/nioo = 

0.080 AP4-. = 

0.068 



Pp/Pcn = ^ 

-.32 


"'00 






'-’el 







3 



TUBE 

NO. 



RAKE. 




NO. 



1 

1 

2 

3 

1+ 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 




0.946 



B 1 

0.898 

0.912 

0.933 

0.948 

EMU 

0.956 

3 



PE53 




Ml 



0.939 

0.941 

SB 

HSU 

5 






MAM 




0.958 

0.954 


Mil 

= 

1.75 

a = 

0 . 0 ° 

m o/ m oo = 

0.521 

Exit 

setting = I 

l 

p + j p+ = 

0.888 mnn/rn-. = 

0.068 Ap+ = 

0.081 



p 2 /p ( 

- 3.94 
» 


VJ oo 













RAKE 

I TUBE NO. 

RAKE 



TUBE 

NO. 



NO. 

nz 

2 

3 

4 

5 

6 

NO. 

1 

2 


4 

5 

6 

1 


HU 






IB 

H 

0.890 


SHI 


3 

IIHfeBB 







|o .865 

0.873 

0.883 


SB 

iHiy 

5 

HESS 

DU 

EM 






0.866 

0.877 

0.887 

0.898 

0.901 

Moo = 

1.75 

a = 

0 . 0 ° 


0.521 

Exit 

setting = 


P+, 

/p. = 0.960 = 

0.079 A P + „ =. 

0.066 



vjv^_ 

4.54 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 


1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 


1 




HH1 

M 


2 

0.930 

0.936 



3 

M 

3 

0.935 

0.950 

QEE 



BM 

| 

0.922 

0.929 

EM 

MM 


EMI 

5 

0.929 

0.945 


B 




0.935 

0.955 




gm 


33 

















































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p tg /p t 
(a) 1.50 D inlet with vortex generators 


Continued 


= 

1 . 

75 

a = 

0 . 0 ° 

mn/ m oo = 

0.521 

Exit setting 

_ 

c 

0+ /p+ = 

0.937 

mui/moo = 

0.070 = 

0.059 



P2/P00 

, 4 

.32 

* 

^00 













IHfill 



TUBE 

NO. 



RAKE 



TUBE 

NO. 


1 

mi 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 


1 

0.904 

0.924 

0.945 

0.955 

0.936 

0.923 

Ml 



0.942 

0.957 

0.959 


3 





HEHa 


m 


BUB! 


0.941 

3BESI 


5 

0.926 






D 


0.943 



mBm 


M™ = 

1.75 

a = 


0 . 0 ° 

^o / m 00 = 

0.521 


Exit setting = 

c 

Pt.o/Pt.. = 

O.898 m h -|/m 00 = 

0.060 Av ± ~ = 

0.080 



Po/p™ = 3.98 


-00 

















NO. 



RAKE 



TUBE 

NO. 




1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 


1 


RmsBn 

0.902 

0.922 

0.919 

0.905 

2 



0.901 

0.920 

HESS! 

EEB 

3 


f^HSTSnl 

0.888 

0.892 

0.899 

0.895 

4 



0.893 

0.908 



5 

0.869 

0.888 

O.909 

0.901 

0.918 

0.914 

6 

iQj 


0.898 

0.911 



= 

1 . 

55 

a = 


0 . 0 ° 

m G 

/“co - 

0.466 


Exit 

setting =* 

A 

Pi- J P+ = 

0.969 DJv .1 /“oo = 

0.107 Ap+ _ = 

0.050 



p 2 /p ( 

3.59 


'-'00 













RAKE 

TUBE NO. 




TUBE 

NO. 


| 

NO. 

nz 

2 

3 

4 

5 

6 


1 

2 

3 

4 

5 

HI 

1 


0.978 

0.965 

0.963 

0.959 

0.949 

\TL 

0.991 

0.980 

0.975 

0.961 

0.963 


3 

IBasa 

0.977 

0.963 

0.963 

0.961 

0.965 

IB 

0.985 

0.978 

0.971 

0.962 

IImbm 


5 


0.978 

0.966 




B 

0.982 

0.970 

0.963 



13^1 

M oo = 

1 . 

55 

a = 


0 . 0 ° 

m o/ m oo = 

0.466 

Exit 

setting = 

A 

p+„ 

/p+ = 

O.966 n^ 1 /m 00 = 

0.093 A 

p tp=- 

0.048 


p^/p^' 3.52 



TUBE NO. 


TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.941 

0.945 

0.967 

0.981 

0.967 

0.953 

B 

0.939 

0.945 

0.956 

0.976 

0.979 

0.978 

3 

0.951 

0.960 

0.979 

0.985 

0.974 

ERyi 

B 

0.940 

0.946 

0.973 


BH 

gg|g 

5 

0.941 





MSB 

B 


0.962 




EM 


34 







































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t 2 /p t - Continued 
(a) 1.50 D inlet with vortex generators 

Moo = -*-• 55 a = 0,0 “o/^oo = Exit setting = 


p+„/p+ = 

0.872 

1 / m oo “ 

0.059 Ap^„ = 

O.O76 


P2/P00 

* 2. 

99 


°00 













RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

n 

jusaig 

HEM 


0.869 

0.880 

0 . 868 | 

n 

0.850 

0.857 

0.873 

0.888 

BBBII 

0.884 


B 15 BI 


0.874 

0.883 

0.891 

EMM 

n 






0.881 

m 


0.872 

0.885 



MM 

LD 


0.865 

0.882 

0.895 

O.9O3 

0.903 

H. = 

1.55 

a = 

C 

>. 0 ° 

m o/ m oo = 

0.466 

Exit setting = 

B 

PtVpt. = 

0.979 mbi/jDoo = 

0.096 A 1 ) 4 - = 

0.048 


p 2 /p m ■ 

3.62 


“00 













RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 




O.974 

0.963 


2 

O.986 

0.985 

0.996 

0.982 

0.973 

O.971 

3 





0.967 


a 

0.985 

0.984 

0.994 



0.971 

5 

B 

0.990 

0.988 

0.952 

0.961 

0.963 

a 

0.998 

0.993 

0.980 

0.973 


0.970 

= 

1.55 

a = 

c 

).0° 

m o/ m co = 

0.466 

Exit setting = 

B 

v+Jv+ = 

O.96I nK^/nu. = 

0-087 Ap+. = 

0.038 


p 2 /p ( 

* 

3.50 


^00 













RAKE 

I TUBE NO. 

RAKE 



TUBE 

NO. 



NO. 

pr- 

2 

3 

4 

5 

6 

NO. 

1 

2 


4 

5 

6 

1 

0.966 

0.968 

0.959 

O.96I 

0.956 


2 

0.974 

0.971 

O.966 

0.959 

0.959 

0.961 

3 

0.968 

0.962 

0.959 

O.96O 

0.957 


4 

0.972 



O.96O 

O.961 

0.963 

5 

|o.968 

0.967 

0.959 


0.950 

0.953 

6 

0.961 


0.959 

0.959 

O.962 

0.963 

Moo = 

1 

.55 

a - 

( 

).0° 

m 0 

/m<» = 

0.466 

Exit 

setting = 

B 

p+„ 

Jv+ = 

0.889 roh-i/moo = 

0.055 A 

P t 2 =- 

0.073 


vjl 

*00 

3.05 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

F 1 

2 

3 

4 

5 

6 

1 

0.861 

0.872 

0.883 

0.900 

0.899 

0.888 

1 m 1 


BKS3 


0.902 

0.912 

0.909 

3 

0.859 

0 . 868 

0.883 

0.903 

BBSS 


ID 

HEgj 



0.892 

0.903 


5 

0.874 

0.887 

0.897 

& 

00 

d 

sim 

0.914 

D 

iggH 

0.876 

0.890 

0.904 

0.916 



35 


































































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t /p t - Continued 

L oo 

(a) 1.50 D inlet with vortex generators 


M ro = 1-55 a = 0 - 0 ° m o/ m oo = °-^6 

p t /p t = 0-976 m^i/moo = O.O83 Ap t „ = °- 0 55 


TUBE 

NO. 



12 3 

4 

5 

6 

0.984 0.988 0.986 
0.989 0.992 0.988 
0.988 0.988 0.988 

0.974 

0.979 

0.943 

0.962 

0.967 

0 . 95 ^ 

0.948 

0.968 

0.958 


Exit setting = 
p 2 /Poo - 


TUBE NO. 


2 [0.982 0.982 0.995 0.943 O.963 0.971 
4 I0.981 O.980 0-994 0.978 0-973 0.970 
6 O.997 O.993 0.982 O.971 0.970 O.969 


1-55 

Q 

» 

O 

b 

c 


Exit setting 


0.963 iThhT/moo = O.O63 

= 0.060 

P 2 /Pco 


TUBE NO. 


0.927 

0.944 

0.964 

0.947 

0.958 

0.965 

0.938 

0.948 

0.969 


TUBE NO. 

1 


94« | 2 ||o. 938[o. 943 I 0.962 1 0.978 |o. 981 |o. 980 
971 I 4 |o.934 0.944 0.966 0.980 0.984 0.983 
9681 6 [0.945 0.958 0.983 0.984 0.984 0.983 


1.5 

5 

a = 0 . 0 ° 

3 

O 

8 

II 

0.466 

Exit setting 


0.901 

m_ h i / m oo = 0# °50 

1 

II 

C\i 

•p 

ft 

<1 

0.075 

P 2 /Poo 


TUBE NO 


TUBE NO. 


5 6 


— 1 




0 

60 

To 

0.884 

co 

00 

b 

O.909 

0.867 

O 

00 

vO 

1 — 1 

a> 

CO 

b 

1 — 1 

0 

a\ 

0 

0 

CD 

0.898 

0.915 

0.903 


0-898 m^/ 


TUBE NO 


3 h 5 


0.860 0.879 0.885 0.892 0.906 0.898 
0.899 0.890 0.900 0.919 0-939 0.896 
0 . 8741 0 . 875I 0 . 873I 0 . 892 0.895 0.897 


0.882 10.891 10.906 10.920 I0.926 10.928 


Exit setting 


TUBE NO. 


2 3 































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t /p f - Continued 

^2 L ’oo 

(a) 1.50 D inlet with vortex generators 


Mqo = 3*00 a = 2 > Q ° m o/ m oo = 


Exit setting = 


B 


Pt^/Pt^ s °- 8 93 ra 'bi/ m oo = 0>IQ 9 Ap t2 = 0 . 1 Q 4 P 2 /Poo * 31-31 





TUBE 

NO. 



RAKE 



TUBE 

NO. 



IB 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

T 

JL 


fliM 


0.889 

0.899 

O.889 

2 


SIB 


OS39 

|^B! 


3 




0.917 

00 

$ 

d 

0.893 

4 







5 

ehsH 


MB 

0.888 

0.885 

O 

00 

CO 

d 

6 

EEBI 



OB 

BM 

IBM 

Mnn = 

3.00 

a = 

2 . 0 ° 

m o/ m oo = 



Exit setting = 

c 

Pto/Pt... " 

O.887 n>hi/mco = 

0.099 Ain.. = 

0.098 


p 2 /p ( 

= 31.08 

Yl ^ 


uu 













RAKE 



TUBE 

NO. 



Kji|| 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

6 

BB 

1 

2 

3 

4 

5 

6 

1 

imu 







0.874 

0.897 

0.892 

0.900 

0.900 

0.934 

3 





BBSS 

0EE9 


0.847 


0.860 

0.880 

0.884 


5 

1 0 . 869 

0.864 

0.866 

0^£| 



6 

O.892 

0.898 

O.93O 

0.924 

0.931 

0.908 

Moo = 

2.75 

a = 

2 . 0 ° 

m o/ m oo = 



Exit setting = 

A 


Pts/Pt^, = 0-911 m bi/ m oo = 0-121 Ap t2 = 0-092 p 2 /p~.° 21.47 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

MBS 





0Ei 

B 1 

0.893 

0.905 

0.888 

0.921 

0.936 

0.933 




M 

BEB1 

BBS 


B 



0.871 

0.895 

0.926 

0.955 

5 



0.891 



EBB 

B 


0.913 

OJ 

& 

0 

0.923 

0.924 

0.881 


M^, = 2.75 a = 2 . 0 ° mo/moo = Exlt setting = B 


p t2 /p tg> = 0-910 ^/nu- 0-112 Ap tg - 0 • °97 . P 2 /P»* = 


tm 

■ 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.907 

0.887 

0.908 



ssmi 

Bl 

0.890 

0.903 

0 

o> 

00 

B 3 

0.923 

0.911 

3 

MM 


0.939 



son 

B 

0.870 





0.958 

5 



0.899 




B 

0.921 



SEsrl 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p ts /p t - Continued 
(a) 1.50 E inlet with vortex generators 

= 2 >75 a = 2 > 0 ° m o/ m oo = - Exit setting = 


Pt 2 /Ptoo = °-9°3 m bl/ m oo = °-°9T Ap t2 = 0-112 P^P^ = 21-07 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

1+ 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.899 

0.880 


0.889 



2 

0.875 

0.899 

0.891 

0.910 

0.906 

0.888 

3 


0.89U 

0.927 

0.913 


mm 

k 

0 

00 

\J"1 

03 

0.873 

0.864 




5 

M 

0.874 

0.883 

0.902 

0.915 

0.901 

6 

0.921 

0.915 

0.940 

0.936 

4-935 

0.879 


Mqo = 2. 50 Qi = 2 . 0 * m o/ m oo = Exit setting = A 


Ptj/Ptoo = 0-930 mbi/nioo = 0-134 Ap tp = O.065 Pg/p^ = j 9 u 88 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.917 

O.903 





2 

0.905 

0.919 

0.910 

0.942 

0.950 

0-953 

3 

0.939 

0.939 

0.940 

0.936 

0.944 


4 

0.897 

0.910 

0.926 

0.942 

0.944 

O.958 

5 

0.941 

0.916 

0.931 

0.931 



6 

0.926 




0.954 



= 2.50 a = 2 . 0 ° m o/ m oo = ^ 1 ^ setting = B 


= 0-924 m bl/ m co = 0.112 Ap t2 = 0.100 Pg/p*, = 111. 63 



Moo = 2. 50 a = 2 . 0 ° m o/ m oo = ■■■ Exit setting = C 


Pt^^ = 0-920 mbl/moo = 0-094 Ap t2 = 0.120 Pg/p^ = i 4.48 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.910 


0.922 

0.909 

0.927 

0.908 

2 

BUM 


MB 

i^n 

0.928 

0.942 

3 

0.917 


0.951 

0.948 

0.949 

0.895 

4 

MEW 

0.862 



0-955 

0-957 

5 

0.916 

ms 

ms 




6 

0.930 

0.932 

0.946 

0.947 

0.948 

O.916 




































































































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - Continued 
(a) 1.50 D inlet with vortex generators 


Hx. - 2 ,2 5 a - 2.0° m o/ m oo = Exit setting = A 


Pt 2 

11 

8 

-p 

0 . 9^1 m bl/ m oo = 

0.147 A Pt,n = 

0.078 



0 

PsA 

„ = 10.14 














RAKE 

1 


TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 


2 


4 

5 

6 

NO. 

1 

2 

3 

4 

5 

ID 

1 


MEB 

EH 

0.952 

0.946 

0.939 

2 

BBS 

HI 


HU 

9PIIII 

O.962 

3 







ID 

BESS 


EEM 



0.968 

5 


Hi 

0.942 


0.952 


ID 

EMI 

ERgim 


0.958 

0.961 

O.961 

Moo = 

2.25 


a = 

2 . 0 ° 


”W 

^cx> = 


— Exit setting 

= B 


WPtoo = 

0.936 m hl/ m oo = 

0.108 Ap +o = 

0.097 



p 2 /p c 

- = 9.95 















RAKE 



TUBE 




RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

1 

1 

D 

NO. 

1 

2 

3 

4 


n 

1 

0.927 

0.921 

0.943 

0.950 

0.934 

0.925 

ID 


0.926 

0.949 


HU 


3 

O.885 

0.904 

0.928 

0.945 

0.952 

0.953 

Di 


0.896 

0.922 


EH 

HI 

5 


0.917 

0.936 

0.942 



6 

0.937 

0.942 

0.954 

0.958 

0.960 

0.960 

Moo = 

2.25 


a « 

2 . 0 ° 


= 


Exit setting 

= C 


HA v ' 

0.919 m bl/ m oo = 

0.094 A Ptp = 

0.128 


pp/p m = 

9.77 
















RAKE 




NO. 






TUBE 

NO. 



NO. 

1 


Hi 

4 

5 

6 


1 

— 

2 

— 

3 

4 

5 


1 

0.906 



0.954 

Hi 


2 

0.888 

0.904 

0.936 


BBS 


■Ml 

0.851 

0.868 

0.895 

0.924 


0.956 

ai 

n 

0.861 

0.888 

H 


0.953 

m 

0.870 

0.882 

0.911 

0.936 

0.936 

0.955 

D 

HEBEI 

0.925 

0.953 

0.958 



Moo = 

2.00 


a = 

2 . 0 ° 



Exit setting 

= A 


ft - 

O.921 m bl /m 00 = 

0.117 A Ptp = 

0.089 


P 2 /p m = 6.63 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 


5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.904 

0.921 


HS 


0.924 

a 

0.888 

0.893 

0.918 

0.957 

0.927 

0 . 9 S 0 

3 

RMSISR 




0.893 

0.881 

ID 

HWtSII 



EH 

EH 

HBH 

5 




0.921 

0.935 

0.925 

6 

EH 

HES 

0.961 

EH 

EH 



39 






















































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p to /p t - Continued 
(a) 1.50 D inlet with vortex generators 

Mqq = 2.00 a = 2 . 0 ° ro o/nioo = setting = B 


Pt 2 / p tco = °-920 m bl/ m oo = Q- o8 3 Ap t2 = 0-088 V J Voa = 6 - 10 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

1+ 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.912 

0.926 

0.91+7 

0.945 

0.929 

0.910 

2 


0.903 

HHSI 




3 

0.880 

0.891 

0.896 

0.900 

0.902 

0.896 

4 

0.875 




BH 


5 

0.907 

0.915 

0.937 

0.929 

0.934 

0.925 

6 

0.935 

M 



111 



Moo = 2-00 a = 2 . 0 ° m o/ m a> = Exit setting = C 


Pts/Ptoo = 0-928 m bl /m 00 = O.O 79 Ap tp = 0.100 P 2 / p oo = 6 -9 9 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.919 

0.917 

BBI 

mm 



2 

0.920 

0.924 

O.950 

O.949 

0.942 


3 

0.873 


1811 

HU 



4 

0.871 

0.884 

0.899 

0.915 

0.929 

Hm 

5 

0.907 

0.924 





6 

0.933 

0.944 

0.955 

0.958 


0.963 


Moo = 1- 75 a = 2 . 0 ° m 0 / m oo = Exit setting = A 


v tjH 00 = mbi/iDoo = °- 112 Ap t2 = 0-066 Pg/p^ = ^-64 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.942 


0.952 

0.967 

0-957 

LT\ 

OA 

d 


0.942 


mm 



0.951 

3 

O. 93 I 


0.949 

0.948 

0.938 

0.924 

4 

0.929 


mu 

BIB 

1 H 

0.905 

5 

CO 

-=*• 

ON 

d 

0.947 

0.955 

0.934 

0.941 

0.922 

6 

0.947 




nm 

0.958 


Moo - 1.75 a = 2 . 0 ° ®o/ m oo = - Exit setting = B 


Pts/Ptoo = 0-944 ID bl/ m oo = 0-084 Ap t2 = 0.070 Ps/Pco = ^-97 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 


1 

2 

3 

4 


6 

1 

0.932 

0.942 

mu 



nm 

m 


0.939 

0.965 

0.967 

0.957 

0.956 


0.914 

0.925 




BIB 

mm 


0.919 

0.936 

0.941 

im 

0.935 

mm 

0.948 

0.943 

0.956 

0.936 


ms 

6 

0.941 




BIBB 

0.963 
















































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA^ p^_^/p^_ - Continued 

(a) I.50 D inlet with vortex generators 


Moo = 1*75 a ~ 2 . 0 ° m o/ m oo “ 1 Exit setting = C 


p t 2 / p too = 0-930 m bi/ m <» = 0-083 Ap t2 = 0.106 = 4.^0 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

3 

4 

5 

6 

KB 

1 

2 

3 

4 

5 

6 

1 





n 


B 

0.966 





HBH 

3 







B: 

0.938 




0.924 

QEE 3 

5 






0.908 

6 

0.973 







Moo = 1.55 a = 2 . 0 ° m o/ m oo = Exit setting = A 


Pts/Ptoo = 0.966 m h1 / moo = 0.120 Ap to = 0.054 = 3-37 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

— ^ 

3 




1 

2 

3 

4 

5 

6 

1 

B9 

UngraM 

0.978 

0.964 

0.952 

0.942 



gsa 

0.965 

0.959 

0.961 

0.962 

3 


Et&Sl 


■HU 


BBS 




0.962 

0.965 

0.968 

0.968 

5 



0.965 


0 

BBBI 

6 

0.983 







Moo = !- 55 a = 0 - 0 ° m o/ m oo = Exit setting = B 


p t 2 / p too = 0-965 m bl/ m co = 0.088 APt 2 = 0.061 p s/ P oo = 3-53 


RAKE 

NO. 


RAKE 


1 

2 

3 

4 

5 

' 6 

NO. 

1 


1 


5 

6 

1 


0.988 

EES 

0.966 

M 


2 

BEi 

BEEi 

yH&B 


BUS 

SIB 

3 

UBS 

0.964 


0.964 



IB: 

0 ^g| 

12^3 

BSE 

HM 


ism 

5 

HH 

0.972 


O.943 


BBS 

B: 


BBS 

2^3 





Moo = 1.55 a = 2 . 0 ° m 0 /m m = — ^ Exit setting = C 


p t 2 / p too = 0 - 96 ^ mbl/ m co = 0.077 A Pt 2 = 0-065 Pj/p^ = 3.31 


RAKE 

NO. 


RAKE 

TUBE NO. 

1 

2 


4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 


0.988 

0.984 

O.967 

0.949 

0.930 

B 

0-993 

0.979 

0.964 

0.961 

0.963 

0.936 

3 

QS 

0.964 

0.962 




B 

0.958 


BBS 




5 

EES 

0.973 

O.963 


wm 

BSBI 

6 

O.989 

0.982 

Ml 



0.964 






















































Continued 


TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - 
(a) 1.50 D inlet with vortex generators 

Mqo = 3«Q0 a = 5*0° m o/ ra oo = 1 Exit setting = 


p t 2 / p too = 0-T99 m bi/ m oo = 0.098 Ap t2 = 0.208 = 28.30 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

O.78I 

0.806 

0.829 



EES 


0.780 

0.808 

0.847 

O.863 

0.887 

0.836 

3 

0.803 

0.805 

0.793 



BBS 


0.778 

0.766 

0.743 

0.735 

0.724 


5 


0.791 

0.775 

0.763 

0.745 

am 

6 

0.800 

0.835 






= 3-00 a = 5*0° m 0 / m <x> = Exit setting = B 


p t 2 /p too = 0.800 m bl/ m oo = 0-087 Ap tg = 0-207 P 2 / Poo = 28.04 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 


o. 8 o 4 

BBS 

m 




0.753 

0.780 

VO 
1 — 1 
00 

d 

0.853 

0.887 

0.844 

3 

QE!13 

0.729 

BBS 






0.741 


mu 


0-797 

5 

BH 

0.762 

am 

mm 

EES 

am 

6 

IMS 

0.814 




0.846 


M m = 3-00 

a = 5-0° 

“n/nioo = 

Exit setting = C 

P t2 /Pt m = °-T93 

m bl /m 00 = 0.091 

Ap t? = 0.256 

= 27.87 


RAKE 

NO. 


RAKE 

TUBE NO. 

1 

2 


4 

5 


NO. 

1 

2 

3 

4 

5 

6 

1 


B 






0.740 




B 

SB 

3 

mm 





nsi^i : 

4 

0.704 




BBS! 


5 

0 

0 

-r 

0.712 

BBSS 





0.743 

0 

00 

r- 

d 

0.832 

0.882 

0.899 

0.851 


Moo * 2.75 a = 5-0° = - Exit setting = A 


Pt 2 / p t ro = 0-813 “biAoo = 0-111 A P t2 = 0-197 Ps/Poo = 19-23 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 


4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.826 

0.842 

0.854 

0.836 

0.832 

0.812 

2 

0.788 




0.876 

0.875 

3 

ebb 


O.781 

0.802 



4 

0.748 






5 

0.756 

0.768 

O.786 

0.803 

0.824 

O.819 

6 

0.798 





O.863 


42 














































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, V t Jvt " Continued 
(a) 1.50 D inlet with vortex generators 


^ = 2 « 75 oc = 5 *0° m 0/^00 = Exit setting = B 


Ptj/Ptco = 0-809 “bi/“» = 0.101 A Pt 2 = 0.199 P2/P00 = 19-00 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 


4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

QQ3 

0.844 

0.862 

0.838 


02 

IB 

0.777 

0.800 

0.829 

0.850 

0.881 

0.887 

3 


0.753 


0.803 



m 

0.T2T 


0.756 




5 

0.736 

0.747 


0.794 


EKBgjl 

6 

0.786 

0.809 

0.836 

0.861 

0.878 

0.870 


Mo, = 2.79 a = 5-0° m o/ m oo = Exit setting = C 


Pts/Ptoo = 0-802 m bl /m 00 = O.O89 Ap t2 = 0.232 p^p^ = 18.78 


RAKE 

NO. 

TUBE NO. 

1112 

TUBE NO. 

1 

2 

3 

4 

5 

6 

E 

1 

2 

3 

4 

5 

6 

1 






0.796 


339 

0.792 

0.823 

0.853 

0.885 

O.896 

3 

0.721 



Bill 

0.826 

0.841 


9S83 

0.721 

0.741 

0.765 

0.802 

0.809 

5 

O 

O 

0.732 



0.814 

O.835 

ra 


0.800 

0.832 

0.862 

0.883 

O.869 


Mqo = 2 . 50 a = 5-0° m o/ m oo = Exit setting = A 


Ptj/Pt*, = 0.829 m bl/ m oo = 0.121 A Pt 2 = 0.172 Pz/ p oo = 13-37 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

■ 

TUBE NO. | 

1 

2 

3 


5 


1 

2 

3 

4 

5 

6 

1 

0.833 

0.852 

0.867 

0.885 

0.890 

0.887 

2 

0.813 


0.840 

0.856 

0.878 

0.876 

3 

O.766 

0.773 





a 

O.76O 


0153 




5 


0.775 

0.789 


mm 


0 

0.812 


HUBS 


B3 

0.902 


Moo “ 2. 50 a = 5-0° m o/ m oo = Exit setting = B 


Ptj/Ptoo = 0.828 n} bl/ m oo = 0.107 A Pt 2 = 0.190 V J V oa = 13-28 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 


4 

5 

6 

1 

2 

3 

4 

5 

6 

1 






|^f|j 

B 

0.816 

0.827 

ir\ 

-4* 

00 

d 

0 . 868 


0.898 

3 

BE! 





HmSm 

ID: 

0.748 

0.756 

0.771 

0.786 

0.808 

0.808 

5 

0.759 

0.768 

0.784 


0.830 


IB 

0.810 

0.824 

0.861 

0.896 

O.903 

0.905 


43 











































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, ~ Continued 

(a) 1.50 D inlet with vortex generators 


= 2.50 a = 3-0° m o/ m co = Exit setting = 


L1 oa ~ ^ ^ 

Pt 2 /Ptoo 

0.823 

/ — 

/ m oo = 

l H CO _ 

0.093 Ap tp = 

0.210 



Pp/Poc 

= 13.12 











RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

jgjll 


NO. 

1 

2 

3 

4 

5 

6 

1 

0.836 

0.853 

0.868 

0.889 

0.874 

0.867 

B 

0.804 

0.815 

0 . 84 l 

0.866 

0.892 

O.905 

3 

HBUi 

0.750 

0.774 

0.804 

O.832 

0.848 

a 

0.732 

0.745 

0.761 

0.783 

0.801 


5 

ISR5! 

0.753 

0.774 

0.799 

0.824 

0.845 

6l 

0.804 

0.821 

O.863 

0.901 

0.901 

ns 

m„ = 

2.25 

a = 

5 .c 

° 

m n/ m 00 — 


Exit setting 

= A 


Pt.o/Pt.„ = 

0.867 mb]/ m oo = 

0.134 Ap tp = 

0.159 


p 2 /p 0 

__ 

9.38 















RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

B 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.896 

0.899 

0.903 

0.916 

O.896 

0.886 

2 

0.885 


HSI 




3 



0.823 

0.827 

0.836 

0.830 

4 

0.815 

mm 


flBSl 


BbH 

5 



0.836 

0.825 

0.857 

0.854 


0.883 


QB 


[pH 


Moo = 

2.25 

a = 

5 - 0 ‘ 



/m„ = 


— Exit setting 

= B 

Pt 2 

/Pt = 

O.863 m bl/ m oo = 

0.100 Ap t = 

0.185 


vjv„ = 9.23 















RAKE 



TUBE 

NO. 



RAKE 



TUBE 

NO. 



NO. 

1 

2 

3 

4 

5 

B 

NO. 

1 



4 

5 


1 

0.893 

0.893 

0.908 

0.916 

0.882 

0.863 

2 

0.876 

0.878 

0.890 

0.904 

0.919 


3 

0.805 

fi® 

IBM 

BUB 

iBH 



0.789 

0.802 

0.808 

0.821 

0.833 

gmijyj 

5 

0.821 


IBM 

iw#y 


B3 


0.878 



IPH 

0.922 

0.932 

Moo = 

2.25 

a = 

5.0 

0 

m o 

Moo “ 

— 

— Exit setting 

= C 


Pt 2 

/Pt = 

u oo 

0.856 m bl/ m co = 

0.083 A Pt 2 = 

0.207 


vjv 

= 9.08 

00 y 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.889 

0.890 

0.902 

0.912 

0.877 

O.852 

2 

0.869 

0 

00 

-p- 

0 . 886 

0.901 

0.918 

0.909 

3 

CO 

co 

t>- 

d 

0.797 

0.809 

0.828 

0.848 

0.859 

4 

O.768 

0.786 

0 

-^3 

00 

00 

0.802 

0.820 

0.825 

5 

0.810 

0.805! 

0.812 

0.811 

0.858 

0.870 

6 

0.872 

0.878 

0.913 

0.945 

0.914 

0.931 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, Pts/p-t - Continued 
(a) 1.50 D inlet with vortex generators 


Mqq - 2 » 00 a " 5*0° in o A 11 00 = Exit setting = A 


Pt 2 /Ptoo = 0.859 m bl/ m co = 0.102 A Pt 2 = 0.189 P^oo = 6.12 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 




4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 



0.912 


MS 

BUB 

0.859 

2 


0.863 

0.879 

0.911 

0.915 

0.904 



0.818 



BS 

0.785 

4 


0.825 

0.830 

0.833 

0.822 

0.797 

5 


0.840 


WH 


0.780 

6 

0.886 

0.916 






Moo = 2 -00 Cl = 5 '0° m o/ m oo = - Exit setting = B 


Pts/Ptco = 0.868 m bl /m 00 = 0.080 Ap to = 0.162 = 6.13 


RAKE 

NO. 

TUBE NO. 



i 


3 


5 



1 

2 


4 

5 

6 

m 

0.901 




0.899 

0.857 


0.881 

0.901 

O.9O7 

0.907 

0.906 

0.893 

Hi 

0.823 





0.809 

— 


0.800 

0.799 

0.800 

0.820 

0.802 

H 

0.847 



0.838 

0.860 

0.848 

a 


0.923 

0.937 





Mqq = 2.00 a = ^.0° m 0 / m oo = Exi't setting = C 


Pts/Pt^ = 0.871 “bl/ m co = 0.071 A Pt 2 = 0-169 Pg/p^ = 6.14 



TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 




0.920 

BBS 




m 

0.887 

1 — 1 
1 — 1 
On 

O 

0.918 

O.916 

0.909 

0.900 





QBS 

BH 


a 

0.795 

0.800 

0.804 

0.810 

0.808 


5 



0 

00 

-f=- 

co 

0.832 



UM 

0.907 

0.928 



0.929 



Moo = 1.79 a = 5.0° m o/ m °o = Exit setting = A 


Pts/Pt,,,, “ 0-926 rn 'bi/ rn oo - 0.119 A Pt 2 = 0.082 Pj/p^ = 4.54 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

O.966 



0.943 

0.914 

0.894 

2 






O.906 

3 

0.920 



0.952 

0.943 

0.926 

4 






0.910 

5 



0.950 

0.933 

^t- 

-d- 

ON 

O 

0.940 

6 

0.904 

0.902 

0.912 

0.934 

0.944 

0.926 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - Continued 
(a) I.50 D inlet with vortex generators 

= 1.75 a = 5 « 0 ° m o/ m oo = — Exit setting = 


Pt 2 / p too = °-921 n> b 1 / m oo = 0-086 Ap t2 = 0-112 Pg/p^, = ^-^3 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 


4 

5 

6 

1 

0.964 

0.969 

0.964 

0.927 

0.896 

0.866 


0.924 


BBS 


0.917 

0.902 

3 

0.917 

0.933 



sn 


4 

0.879 





0.895 

5 

0.917 

0.935 


isms 


BBS 


0.904 





0.949 


Moo = 1-73 a = 5-0° m o/ m oo = Exit setting = C 


Ptj/Ptoo * 0.918 mhl/Moa = 0.074 Ap to = 0.125 P2/P00 = !-• 38 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

Ml 


0.961 

0.920 

0.887 

0.854 

El 


0.904 

0.907 

BUS 


0.899 

3 



0.932 

0.934 

0.935 

O 

vO 

ro 

00 

D 







5 

0.914 

0.930 





6 








M ot = 1.55 a = 5.0° m 0 / m oo = — Exit setting = A 


Pta/Pt^ = 0-930 m bl/ n, oo = 0-109 Ap t2 = 0.081 P 2 /P 00 = 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 


1 

2 


4 

5 


1 

2 


■i 

5 

6 

1 

O.989 

0.988 

0.981 

t- 

LT\ 

ON 

0.939 

0.916 

2 

0.946 




0.942 


3 


QHJj 

0.958 

0.961 

0.962 

0.961 

4 

0.912 






5 



0.969 

0.954 

0.968 

0.967 

6 

LT\ 

-=t 

ON 

O 

0.944 




0.959 


Moo = 1.53 a = 5.0° m o/ m oo = ■ Exit setting = B 


Pt^Ptoo = °-9 1 t-9 Bbi/nioo = 0.079 Ap t2 = 0.086 P 2 /P 00 = 3 ‘^ 2 



RAKE 

NO. 




TUBE NO. 


0.951 



O.95O 


951 1 0.954 
914 0.917 0.924 I0.92I+ 


0.945 0.953 0.955 0.958 0.959 


46 


1 

5 


























































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t 2 /p t - Continued 
(a) 1.50 D inlet with vortex generators 


Moo = 1- 55 a = 5 * 0 ° m o/ ia oo = _ZHm_ Exit setting = C 


Pt 2 / p too = 0»9^7 m bl/ m oo = 0-069 Ap ts = 0.096 = 3-38 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 


0.983 

BBS 

0.982 

0.957 

0.935 

O.905 

2 

O.Q^O 

0.945 



0.9^9 

0.9S0 

n 

BHaaa 

0.952 

0.959 

0.963 

0.966 

0.960 

4 

0.896 

0.905 



0.918 

0.914 

5 


0.949 

0.965 

0.955 

0.965 

O.969 

6 

0.947 

0.945 


flEBl 

0.957 

0.958 
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TABLE II.- ENGINE-PACE PRESSURE RECOVERY DATA, p t2 /p too - Continued 
(b) 1.50 D inlet without vortex generators 


Exit setting = _A_ 


Ptp/Ptoo = 0.907 m bl/ m oo = 0.137 Ap ts - 0.134 


P 2 /Pc» = 




0.862 

0.864 

0.866 


Moo = 3*00 




0.868 



0 

• 

vo 

0 

ON 

0.855 

O.867 

00 

0 

ON 

• 

O 


0.912 

0.864 

0.863 


'0.883 

0.850 


a = 0.0 L 


Pts/Ptoo = 0.882 m b l/ m co = 0.111 A Pt; 


0.999 

0.164 


Exit setting 


p 2 / p 00 



0.827 

0.879 


0.814 

6 




TUBE 

NO. 



1 

2 

3 

4 

5 

6 

O 

OO 

co 

d 

0.895 

0 

ON 

• 

O 

O 

• 

VO 

ro 

00 

0.900 

0.821 

0.831 

0.896 

0.959 

0.937 

0.868 

0.820 

0.824 

IN- 

OO 

00 

• 

0 

0.959 

OJ 

LTV 

ON 

• 

O 

0.867 

0.819 


0 . 0 ° m o/ m oo = °»999 

0.777 m bl/ m oo = 0.087 A Pt 2 = 0.332 


TUBE NO. 


0.663 

0.666 

0.666 

0.691 

0.665 

0.683 


0.715 

0.835 

0.893 

0.777 

0 

• 

— 0 

00 

H 

0.903 

0.899 

0.773 


OJ 

• 

0 

0.909 

0.906 

0.777 


Exit setting = A 

Pj/Poo = 25.79 


TUBE NO. 


0.668 0.705 0.808 0.921 0 


0.666 0.687 0.764 0.891 0 


0.663I0.674I0.735 0.855 0 


Exit setting 


. 89710.755 


.868 


.897 0.782 


TUBE 

NO. 

1 

1 

2 

3 

4 

5 

6 

0.846 

0.908 

0.956 

0.918 

0.855 

0.825 

1 BH 31 

BH 5 B 8 




0.943 

0.962 

0.886 


TUBE NO. 


5 [ 


0.894 


0.869 


0.8l4 















































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - Continued 
(b) 1.50 D inlet without vortex generators 

Mo, = R.00 a = 0.0° m o/ m oo = 0.999 Exit setting = _C 


p t 2 / p too = O.869 m bl/ m oo = 0.080 Ap t2 = 0.194 P^P*, = 28.82 


RAKE 

NO. 

TUBE NO . 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.827 

QQjQj 





2 

HEM 

[tSHggpQ 



039 



3 

0.834 

HUS 


0.893 

B|§ 

0.783 

4 

B13H 






5 

0.808 

0.881 

0.931 

0.949 

Bill 

0.797 

6 



BBSS! 

mm 


0.791 


^ = 1.00 a = 0.0° m 0 / m oo = 0.999 Exit setting = _c 


Pts/Ptoo = 0.797 m hl/ m co = 0.069 A Ptg = 0.319 P 2 / p oo = 2 ^-53 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 


4 

5 

6 

1 

2 

3 

4 

5 

6 

1 


0.890 

0.903 


0.704 


2 

0.733 






3 


0.926 

0.882 

os 

0.697 

0.691 

4 

0.749 




HKI 

QOS 

5 


0.824 

0.941 




6 

0.779; 

0.926 






Moo = 2 *79 a = 0.0° m 0 /moo = 0.938 Exit setting = _A 


p t 2 / p too = 0.918 m bl/ m oo = 0.139 Ap t 2 = 0.104 p 2! P oo = 21 >77 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 


2 

3 


5 

6 

1 


3 

4 

5 


1 

0.886 

0.940 

0.928 

0.935 

0.953 

0.897 

m 


0.946 

0.922 

0.912 

0.944 

0.864 

3 


0.991 


0.918 

0.943 

0.873 

m 

0.888 

0.935 



0.951 

0.889 

5 


0.941 




O.867 

a 

0 

00 

CD 

ro 

0.939 


bee 




Moo = 2.79 a = 0.0° m 0 /moo = 0.938 Exit setting = A. 


Ptj/Ptoo = 0.887 m bl/ m co = 0.102 A Pt 2 = 0.204 P 2 /P 00 = 20.90 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 


2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.791 

0.824 

O.908 

0.958 

0.966 

0.899 


H^j 

IPX 

0.910 

0.996 

0.961 

0.884 

mm 

1X9 







BS3 

ms 



^9 

|9Qtgg 

n 

0EH 

HU 

I9B 

HSU 

0.963 

0.900 

6 

0.789 


BIX 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - Continued 
(b) 1.50 D inlet without vortex generators 

M,,, = 2.75 a = 0.0° hiq/hIoo = 0.938 Exit setting = _A 


Pt 2 / p too = 0.816 m bl/ m oo = 0.084 Ap t2 = 0.335 P^Poo = 18 -39 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

r 

2 

3 


5 

6 

1 

0.688 

0.706 

O 

IV) 

0.903 

0.988 

0.824 


0.688 

0.711 

O 

£ 

• 

O 

O.916 

0.940 


3 


0.718 






B9 

0 

• 

CD 

0.787 

0.891 


BUSH 

5 

0.690 

on 

1 — 1 

t w 

• 

O 


H3I 


EMUS 

6 

HUE 

Q-718 

0.828 

0.932 

0.942 



Moo = 2.79 a = 0.0° mo/nioo = 0.938 Exit setting = _c 


Pta/Ptoo = 0.902 m bl/ m oo = 0.102 Ap tp = 0.162 P 2 /Poo = 20.79 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.866 

0.984 

H 




IB 

O.816 






3 

0.823 

EBB 

0.948 

0.961 

0.927 

0.883 

IB 

0.843 


ssss 

EK3! 

■Bl 

B^i 

5 

0.836 

0.903 





6 

0.830 





9 


Moo = 2.78 a = 0.0° m 0 / m oo = 0.93 8 Exit setting = _C 


Pt 2 /Ptoo = 0.883 m bl/ in oo = 0.088 A Pt 2 = 0.248 = 19-07 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.779 

0.918 

0.937 

0.885 

0.886 

0.784 

2 

0.742 

cv 

't2- 

• 

0 

0.899 

0.948 

0.896 

0.797 

3 

0.783 

0.808 

0.915 

0.935 

0.888 

0.784 

4 

0.766 

0.854 

0.937 

0.926 

0.904 

0.791 

5 

0.769 

0.899 

0.953 

0.922 

0.868 

0.763 

6 

0.753 

0.8l4 

0.934 

0.936 

0.880 

0.763 


Moo = 2.80 a = 0.0° m o/ m «> = 0.881 Exit setting = _A 


Pts/Ptoo = 0.931 m bl/ m oo - 0.143 Ap t 2 - 0.103 l4«86 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.891 

0.928 

0.953 

O.96O 

0.965 

0.922 

2 

0.886 

0.932 

0.950 

0.953 

0.959 

0.893 

3 

0.871 

0.924 

0.947 

0.953 

0.959 

O.913 

4 

O 

CD 

VO 

H 

0.929 

0.951 

0.960 

0.967 

0.915 

5 

0.885 

0.927 

0.948 

0.953 

0.957 

0.906 

6 

0.878 

O.93O 

0.943 

0.952 

0.955 

0.897 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t2 /p t - Continued 
(b) 1.50 D inlet without vortex generators 

Moo = 2.50 a ~ 0.0° m o/ m oo = Exit setting = A 


Pt 2 /Ptoo = 0.91^ m bl/ m co = 0.112 Ap t2 = 0.128 vjv m = 14.19 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

M 


0.928 

0.962 





0.848 





O.O99 

3 


0.923 

0.955 

0.939 

0.937 

0.878 

4 



0.959 

0.954 

0.957 

t— 

c8 

d 

5 

HISS 

0.918 

BmlS 




6 


0.917 

0.945 

0.939 

0.946 

0.857 


Mo, = 2«90 a = 0.0° m 0 /m TO = O.891 Exit setting •- A 


Pts/Ptoo = 0.812 mhlAoo = 0.094 Ap tp = 0.308 p 2 /p ro = 12.39 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 


2 

3 

4 

5 


NO. 

1 

2 

3 

4 

5 

6 

1 


S 

O.9O3 



QSj| 

m 



0 

CD 

ro 

-<1 

0.893 

O.93O 

0.793 

3 


e m 

0.865 



BEH 





ffi|0 



5 

BBS 

0.753 

0 
c — 

00 

d 

0.918 

0.929 

0 

00 

0 

-p- 

a 

IflBi 

0.764 






Moo = 2.90 a: = 0.0° m 0 / m °o = O.89I Exit setting = C 


Ptg/Pt^ = 0.922 mbi/moo = 0.103 A Pt 2 = 0.109 Pp/Poo = 14.42 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

O.865 

0.926 

0.959 

0.955 

0.957 

0.894 

2 

0.865 

0.931 

0.957 

0.956 

0.953 

0.859 

3 

0.862 

0.933 

0.957 

0.957 

0.956 

O.878 

4 

0.870 

0.927 

0.957 

0.956 

0.960 

0.881 

5 

O.865 

0.927 

0.954 

0.950 

0.954 

0.872 

6 

0.860 

0.927 

0.951 

0.946 

0.954 

0.862 


Moo = 2.90 a = 0.0° m o/ m 00 = 0.891 Exit setting = c 


Ptj/Ptoo = 0.902 “blAoo = 0.086 A Pt 2 = 0.184 Pp/p^ = 13.79 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

3 


5 


1 

2 

3 

4 

5 

6 

1 

0.811 

0.889 

0.950 

0.961 

0.970 


2 

0.804 

0.878 

0.938 

0.944 

0.967 

0.849 

3 




0.943 




O.816 

0.896 

0.953 

0.960 

0.967 

0.858 

5 

BIBB 

0.896 

0.940 

0.953 


BBS 

6 

0.809 

0.885 

0.941 

0.945 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p + /p t - Continued 

,J P U O0 


(b) 1.50 D inlet without vortex generators 
= 2.50 a = 0.0° m o/ m oo = Exit setting = _C 


Pt?/ p too = 0.859 m Ll/ rn oo = 0.075 Ap tp = 0.255 p 2 / p oo = 12 - 8l 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

k 

5 

6 

1 

2 

3 

Jj 

5 

6 

1 

0.739 

EH 

0.938 

1 — 1 

n 

ON 

d 

0.940 

0.805 

2 


0.803 

0.893 

0.936 

ISIS 


3 



0.912 

0.942 

0.933 

0.800 

4 

BUI 

IN— 

-=t 

00 

d 

0.930 

0.951 


SSI 

5 

0.740 






6 

9E3SS 

0.824 

0.917 

0.944 


ssa 


Moo = 2.25 a = 0.0° m 0 / m oo = .738 Exit setting = _A 


Pts/Ptoo = 0-9^9 m bl/ m o° = 0.132 &Vtp = 0.062 P p/Poo = 9.98 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.918 

HBH 




0.948 

2 

0.912 

0.938 


0.966 

0.967 

SB 

3 

0 

1 — 1 
ON 

d 

BBSS 




0.965 

4 

0.926 


S3! 




5 

0.925 



BfBM 


0.946 

6 

0.927 

0.947 

0 

VO 

VJ1 

-VI 

0.962 

BIBS 



Moo = 2 * 2 5 a = 0.0° m 0 / m oc = 0.738 Exit setting = _A 


p t 2 / p too = 0.937 m bl/ m co = 0.117 Ap t 2 = 0.087 p 2 / p cc ~ 9.72 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 



0.944 

0.960 

0.968 

0.940 

2 

0.887 

0.907 

0.935 

0.960 

0.967 


3 


0.902 

0.927 

0.956 

0 

• 

vo 

ON 

-VI 

0.961 

4 


0.916 

0.941 

0.956 


SIB 

5 

0.905 

0.933 





6 

0.902 




0.962 

ms 


Mo,, = 2.25 a = 0.0° m 0 / m °o = O.738 Exit setting = _A 


p t 2 / p too = 0.886 n>i,i/ m oo = 0.081 Ap t 2 = 0.093 v J V oo = 8.77 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

O.863 





sm 

2 

0 

00 

0.871 

in 

0 

ON 

• 

O 

n 

ON 

00 

d 

0.899 

0.837 

3 

sis 






4 

0.866 

0.906 

0.916 

0.908 



5 






0.844 

6 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA. p t /p+ - Continued 

^2 b oo 

(b) 1.50 D inlet without vortex generators 
Moo = 2,2b OC - 0.0° n3 o/ m oo = Q* 738 Exit setting = £ 


P t 2 /P too = 0.940 m bl/ m oo = 0.092 A Pt 2 = 0.090 p 2 / p 00 = 9-63 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 



1 

2 

3 

4 

5 

6 

1 

0.89)1 

BBS 


0.966 

0.966 

0.929 

2 

0.892 





0.924 

3 

0.884 

0.927 

0.955 




4 

0.902 



BBSS 

Bll 

0.927 

5 

0.906 

0.940 

0.9b0 

0.945 

0.966 

0.914 

6 

0.909 




BKMil 

0.913 


Moo = 2.2$ a = 0«0° m o/ m oo = Q.738 Exit setting = C 


Pts/Ptoo = 0.922 m bl/ m oo = 0.074 Ap to = 0.109 p 2 / p oo = 9.29 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

1 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.868 

0.915 

HBM 



llSfi 

2 

HU 

0.904 

0.933 

0.948 

0.956 

0.890 

3 

BBS 

0.896 

HH 




4 


0.912 

0.945 

0.955 

0.961 

0.90b 

5 


0.917 

0.944 


mm 


6 


0.921 

0.946 

0.955 

0.965 

0.898 


Moo " 2.2b a = 0.0° m o/ m oo ~ 0.738 Exit setting = C 


Ptj/Pt*, = 0.887 mti/mcx, = 0.061 Ap t2 = 0.141 p^p^ = ^59 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

S 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 


0.900 

0.916 


BBH 


2 

0.808 

0.868 

0.916 

0.926 

O.909 


3 


0.854 

0.908 




4 

O.833 


0.920 

0.926 

0.915 


5 

0.854 

0.898 

0.917 

0.894 

0.923 

0.829 

6 

0.840 


0.927 

0.913 

O.93O 

0.834 


Moo = 2.00 a = 0.0° m o/ m oo = 0.82b Exit setting = A 


Pt^Pt^ = 0.998 ra bl/ m oo = 0.123 A Pt 2 = 0.065 V J V < X , = 6.81 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 


0.953 

0.960 

0.968 

0.979 

0.961 


0.927 

0.953 

0.961 

0.963 

0.972 

HHI 

3 

s 

0.947 


0.965 

0 

VO 

d! 

0.975 


0.935 

0.952 

0.965 

0.971 

0.974 

I119 

5 

0.935 

0.958 

ms 

0.955 

0.976 

0.960 

6 






0.962 
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TABLE II.- ENGINE -FACE PRESSURE RECOVERY DATA, p t 2 /p t - Continued 
(b) 1.50 D inlet without vortex generators 

Mqo = 2.00 a = 0 * 0 ° m o/ m oo = Exit setting = 


p t 2 /Pt ro = 0.9^4 m -bl/ m oo = 0.105 A Pt 2 = 0.091 Ps/Poo = 6.49 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

— 

1 

2 

3 

4 

s 

6 

1 

0.892 






2 

0.883 

0.896 

0.919 

0.948 

0.968 


3 

0.887 

0.895 

0.913 

0.939 

0.965 

0.959 

4 

O.896 

2 

0 

9-935 

O.96O 

O.965 

0.964 


5 


0.924 

0.957 

0.951 

0.957 

0.952 

6 

0.900 

0.920 

O.950 

0.961 



Moo - 2.00 a = 0 . 0 ° = 0.625 Exit setting = A 


Pts/Ptco = 0.886 m b 1 / m oo = O.085 A P tp = 0.121 Pg/p^ = 5.88 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 


4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.843 

MSI 





2 

0.840 

0.854 

O.874 

0.895 

0.910 

0.905 

3 


OB 





4 

0.842 

0.853 

0.879 

0.902 

0.920 

0.907 

5 

0.850 

0.866 

0.888 

0.898 

0.928 

0.942 

6 

0.848 

0.864 

O 

ON 

00 

d 

0.914 

0.929 



Moo = 2.00 a = 0 . 0 ° ra 0 / m oo = 0*623 Exit setting = _C 


Ptg/Pt^ = 0.952 m-blAco = 0.090 A Pt 2 = 0.082 vj Poo = 6.99 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

3 

4 

S 

6 

1 

2 

3 

4 

5 

6 

1 

0.912 

0.951 

0.962 

0.971 

0.975 

0.942 

2 



0.963 

0.968 

0.976 

0.945 

3 

0.899 


0.960 

0.972 

0.976 

0.961 

4 

0.925 


0.964 

0.972 

0.972 

0.931 

5 

0.928 

0.960 

0.966 

0.955 

0.969 

0.929 

6 

0.932 


0.968 

0.972 




Mqo - 2.00 OL - 0 . 0 ° iHq/hIoo = 0.625 Exit setting = C 


Pta/Pt* = 0.93^ m bl/ m «» = 0.079 A Pt 2 = 0.082 Pj/p^ = 6.34 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 


1 

2 

3 

4 

5 

6 

1 

RiK 


BBS 

0.957 

0.954 

O.925 

2 

0.886 

0.911 

0.935 

0.956 

0.955 


3 




0.949 

0.952 

0.941 

4 

0.902 

0.931 

0.952 

0.958 

0.951 


5 

0.900 

0.947 





6 

0.896 

0.939 

0.963 

0.960 

0.958 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, P t2 /Pt - Continued 
(b) 1.50 D inlet without vortex generators 


a = O.O^ 


o/ m co = Exit setting = 


= 0.900 “bl/ m co = 0.067 Ap t „ = 0.: 


vJp.. = 


TUBE NO 


3 h 


O.885 


3 


Moo = 1-75 
Pt^Pteo = 0-953 


0.895|0.92^|0.9U2|0.917 


0.905 O.925 O.941I 4 


0.910 O.955 O.922 


TUBE NO. 


0.862 


0.521 


m bl/ m o 


TUBE NO 


0.100 


0.965|0.962|0.954|| 2 
O.967 O.957 0.954 4 


O.947I 0. 963I 0.9571 0.9461 0.963 1 0.9441 6 


0.890 0.913 O.930 O.923 


0.888 0.919 0.942 0.916 


0.898 O.932 0.948 0.918 


Exit setting 


TUBE NO 


Moo = a 

Ptp/Pt^ = 0.937 m bl/ ra o 


TUBE NO 


0.521 


946 1 0.963 0.969 0.962 0.948 
957 0.9?? 0-954 0.953 0-93^ 
0.963 0.963 0.967 0.966 0.9^1 


Exit setting 


2 

3 

0.915 

0.928 

0.922 

0.943 

0.958 

0.958 


TUBE 

NO. 



3 

4 

5 

6 

0.941 

0.950 

0.950 

0.934 

0.949 

0.945 

0.935 

0.917 


0.960 

0.953 

0.928 


a = 0 . 0 C 


^0/^00 = 0.521 


PtTPtoo = 0-886 m bi/ m oo = 0.078 Ap t , 


0.098 


TUBE NO. 



0.866 0.884 0.899 O.905 0.885 
O.853 0.862 0.874 0.880 0.901 0.882 


O.857 0.872 O.894 O.899 0.940 O.923 


Exit setting 

pVp 


TUBE NO. 


0.856| 0.871 0.891 0.906 0.924 O.899 
0.859 O.871 0.885 0.900 0.912 0.884 


0. 8571 0. 870 1 0.881I0.891I0.8971 0.897 





















































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, - Continued 

(b) 1.50 D inlet without vortex generators 



M^, = 1.75 a = 0«0° WqMoo = 0-521 Exit setting = _C 


P t2 /Ptoo = 0-957 m bl/ m oo = 0.077 A Pt 2 = 0-067 PAo " 4 -51 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO . ! 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

iflHIi 

EBM 


EBB 



2 





MS 

0.959 

8 



MSB 




1+ 

MM 




323 


5 

■n 

B 

EMU 




6 




BE! 

B 

Ml 


Moo = 1.75 a = 0.0° mQ/moo = 0.521 Exit setting = _C 


Pts/Ptoo = 0.932 m bl/m co = 0.069 A Pt ? = 0-067 Pa/Pco = 4 -3° 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.898 

EBB 

EBB 



Q3B 


0.900 

ypH 



0.959 

0.919 

3 



BBS 

EBB 

QB1 

MM 

4 

1 MB 

EUkil 


iAIEI 


0.908 

5 

0.921 

IBM 




gffijl 

6 

BHasa 





0.916 


Moo = 1-75 a = 0-0° m o/ m oo = °’521 Exit setting = _C 


Pt 2 //? t 0O = 0.895 mti/'T'oc = 0.06l A Pt 2 = 0-099 PAoo = 3.98 



Pto/Pt = O.966 m b 1 / In oo = 0.106 A Pt 2 = 0.052 


P Ao = 


RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

! i 

beh 


0.957 

0.958 

0.961 

0.961 

3 

obi 


0.960 

0.958 

0.961 

0.962 

5 



0.959 

0.941 

0.961 

0.962 


RAKE 

NO. 




























































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t /p t - Continued 
(b) 1.50 D inlet without vortex generators 

Mqo = 1.55 a = Q«Q Q m o/ ra oo “ Exit setting = A 


Pt 2 /Ptoo = 0.969 m Dl/ m oo = 0.092 A Pt 2 = 0.06l P^P*, = 3.^5 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.926 

0 

vo 

ON 

O 

0.978 

0.98k 

0.983 

0.974 

2 

H 




m 


3 

O.93O 

0.962 

0.976 

0.983 



4 







5 

Q-931 

0.967 

0.980 


0.981 

0.979 

6 


0.970 


flKl 

0.979 

0.972 


Moo = 1.59 a - 0*0° m o/ m oo = 0*^66 Exit setting = A 


Pts/Ptoo = 0.869 m hl/ m °o = 0.099 A Pto = 0.088 Pg/P^ = 2.81 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 


4 

5 


NO. 

1 


3 

4 

5 


1 

0.832 

0.840 


0.870 

0.889 

0.869 

2 

0.845 

O.854 

O.870 

0.885 

0.902 

0.868 

3 

0.839 

O.852 

0.866 

0.878 


0.890 

4 

O.836 

0.841 


0.871 

0.888 

O.870 

5 

0.848 

O.863 


0.874 

O.907 

0.896 

6 

0.848 

0.862 

O 

00 

3 

0.890 

0.908 

£ 

00 

d 


M^ = 1*55 a = 0»Q° m o/ m oo = Q* ^66 Exit setting = C 


Ptj/Pt*, = 0.974 Itl bl/ rn oc = 0.081 A Pt 2 = 0.049 P 2 /Poc = 3.83 


RAKE 

NO. 

1 

TUBE NO. 

— 

RAKE 

NO. 

— 

TUBE NO. | 

1 

2 

3 

4 

S 



2 


4 

5 


1 

0.974 

0.994 

0.971 

0.967 

0.967 

0.963 

2 

0.979 

0.997 

0.981 

0.967 

O.966 

0.962 

3 

0.973 

0.996 

0.982 

0.969 

0.967 

0.966 

4 

0.978 

0.996 

0.981 

0.968 

0.968 

0.964 

5 

O.98O 

0.995 





6 

O.988 

0.993 

0.972 


0.967 

0.961 


^ = 1.88 a = 0.0° m 0 / m co = 0.466 Exit setting = C 


Pts/Ptoo = 0.898 m b 1 / m o 0 = 0.049 A Pt 2 = 0.078 Ps/Poo = 2^93 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.871 

0.887 


5 

0.920 

O 

ON 

00 

• 

0 

2 

0.883 

0.896 

0.901 




3 

O.867 

0.875 



0.914 

0.900 

4 

0.869 

0.885 

0.893 


0.919 

0.896 


0.872 

0.890 

0.908 

0.903 



6 

0.874 

0.885 

0.896 

0.912 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p t 2 /p t - Continued 
(b) 1.50 D inlet without vortex generators 

~ 3*00 C* = 2 . 0 ° m o/ ra oc = Exit setting = A 


p t 2 /Ptoo = 0*882 m bl/ m oo = 0.128 Ap t2 = 0.178 P 2 /p m = 30*61 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 — ! 

2 



5 

6 

NO. 

1 

2 

3 

1 + 

3 

6 ! 

1 

0.809 

0.806 

0.829 

0.874 

0 . 93 ^ 

0.898 

m 



0.923 

0.949 

0.963 

0.862 




B|0 

0g| 


§§6111 

wm 

fypps 


0.889 

0.831 

1— 1 
00 

• 

0 

BUSH 

5 

WEBS 


MS 

EBI 

9 


n 



0.899 





Moo = 3 >00 OL ~ 2 , 0 ° rrio/moo = Exit setting = C 


Pta/Ptc = 0*873 m h 1 /m«) = 0.101 Ap tp = 0.187 P^/p^ = 30. 18 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.798 

0.808 

0.859 

O.925 

0.947 

O.874 

m 


0.868 

0.917 

H 

LTN 

ON 

• 

O 

0.944 

0.847 

3 

0.825 

0.882 

0.946 

0,911 

0.828 

0.805 

D 


0.922 

0.921 

0.873 

0.806 

0.795 

5 







m 


0.843 

0.907 

0.958 

0.931 

0.841 


= 2 , 7 ? ol = 2 . 0 ° m o/ m oo = ~ Exit setting = A 


v tjH oa = 0.90T m bl/ m oo = 0.127 A Pt ? = 0.1^2 Pg/p^ = 21.30 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.869 



0.945 

0.946 

0.878 

2 

0.874 



0.931 

0.950 

O .854 

3 

0.852 

0.908 

0.916 

0.930 

0.957 

0.889 

4 

0.833 


GS 31 



O .879 

5 

0.851 

0.916 


0.920 

0.956 

0.883 

6 

0.869 


0.930 

0.935 

0.943 

0.855 


Mo, = 2.78 a = 2 . 0 ° m o/ m oo = Exit setting = £ 


Pts/Ptoo = 0.890 ra bl/ m oo = O.O98 A p t2 = 0.197 p s/ p oo = 20*57 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.845 



0.942 

0.942 

O.861 

2 

0.799 

0.844 

0.919 

0.954 

0.934 

0.874 

3 





0.958 

0.914 

4 

0.793 

O.83O 

O.907 

0.942 

0.969 

0.875 

5 

HHB 




0 

& 

• 

0 

0.896 

6 

0 

• 

OD 

O 

0.866 

0.930 

0.942 

0.943 

0.859 


58 












































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, P t 2 /p t - Continued 
(b) 1.50 D inlet without vortex generators 

M^o = 2.|?0 o: = 2 . 0 ° m o/ ni oo = ^ Exit setting = 


Pta/Ptc = 0-927 = 0.138 A P ts = O.078 = 14.83 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 


NO. 

— 

1 

2 

3 

4 

5 

6 

1 



0.925 



EBB 

n 

0.898 





0.901 

3 

0.888 

0.942 

0.952 



ISls '51 

a 

0.903 





0.909 

5 

0.898 

0.938 

0.946 

0.940 

0.950 

0.901 

6 

0.889 


O.929 

0.947 

0.948 

0.898 


Moo = 2.80 a = 2 . 0 ° m o/ m <x> = Exit setting = C 


Pt^Pt^ = 0.918 m h 1 / m co = 0-099 A Pto = 0.139 V 2 ^oo = l4 - 42 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

3 




wm 

1 

n 

MM 

4 

5 


1 



0.929 



0.889 

2 

0.881 


BBS 




3 

0.883 


0.988 


ebb 

0.886 


0.843 





BE! 

5 

0.888 


0.960 


BM 



0.870 







Moo = 2.28 a = 2 . 0 ° m o / m 00 = ^ Exit setting = _A 


Pt 2 / p too = 0.940 m bl/ m °o = 0.129 A Pt 2 = 0.147 Pa/ p oo = 9.87 


— 

RAKE 

NO. 

1 

TUBE NO. 

1 

RAKE 

n 

TUBE NO. | 

1 

2 

3 

4 

S 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

O.923 

0.946 

0.941 




B 

0.918 

0.944 




0.948 

3 

O.9O3 


0.933 

BH 





0.913 

0.934 

0.952 

O.963 

0.946 

5 

0.913 

WEBB 

0.956 

0.942 




EEi 

0.948 

0.950 

0.955 

O.961 

0.930 


Moo = 2.28 a = 2 . 0 ° = _ 7 Exit setting = C 


p t 2 / p too = 0.920 m bl/ in oo = 0.093 Ap t 2 = 0.093 p 2 / p 00 = 9.^2 


RAKE 

NO. 

TUBE NO. 


TUBE NO. 

1 

2 

3 

4 

5 


1 

1 

2 

3 

4 

5 

6 

1 

0.898 

0.928 

0.939 

0.958 

0.956 

0.915 

2 

0.882 

0.920 

0.946 

0.952 

0.955 

O.930 

3 

0.883 

0 

• 

00 

H 

O.897 

0.925 

0.949 

0.953 

4 

0.847 

0.867 

0.894 

0.919 

0.944 

0.926 

5 

0.868 

0.888 

0.922 

O.943 

0.972 

O.932 

6 

0.902 

0.928 

0.943 

0.955 

0.988 

0.897 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, P^g/Pt - Continued 
(b) 1.50 D inlet without vortex generators 


m o/ m oo = 


m bl /Kl co = 0.100 


TUBE 

NO. 



3 

4 

5 

6 

O 

• 

MD 

\J 1 

O 

0.956 

0.944 

0.928 

0.896 

CO 

< J \ 

co 

d 

0.895 

0.879 

0.933 

0.928 

0.947 

0.918 


0.096 


Exit setting = 

p,/p„ = 6. 


0.876 0.899 0.920 0.9^6 | Q.9b^ 10.927 
0.877 0.884 0.902 0.927 0.932 0.896 
O.887 0.925 0.955 O.963 IO.95O b.918 


TUBE NO. 

~ 3 TT 


94710.955 0.96310.927 
906 1 0.925 0.9^0 lo • 935 
938 0.966 




TUBE 

NO. 



1 

2 

3 

4 

s 

6 

0.903 

0.947 

0.950 

0.951 

0.957 

0.928 

0.877 

0.889 

0.910 

0.929 

0.942 

0.923 

0.907 

0.947 

0.953 

0.961 

0.966 

0.922 


TUBE NO. 


953 0.956 Q.97 
945 0.946 0.94 
961 0.938 0.94 


TUBE NO. 



0.965 

0.9 

CO i CO 

0.923 

0.959 

0.9 

0.9 


95710.936 
917 10.904 


= 2.0° 

^n /^00 

Exit setting 

'bl/ m oo = 0.074 

Ap tp = 0.078 

vj P 


TUBE NO. 


0.949 0.964 O.976 0.974 0.944 
0.924 0.935 0.946 0.949 0.944 
0.952 1 O. 96 O 0.939 0.947 0.922 




TUBE 

NO. 



1 

2 

3 

4 

5 

6 

-=*■ 

CVJ 

o \ 

A 

0.958 

0.960 

O.961 

0.961 

0.953 

0.903 

0.914 

0.925 

0.934 

0.943 

0.934 

0.927 



0.953 

0.968 1 

0.975 

0.966 

O.932 

































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, P t2 /p t - Continued 
(b) 1.50 D inlet without vortex generators 

Mqo “ ® ~ 2,0° m o/ ni oo = ^ Exit setting = A 


p t 2 /Ptoo = °-968 mbiAoo = 0*106 Ap tp = 0,0^6 P 2 /p TO = 3.55 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 


1 



0.985 


m 


B 

BUS 

Hi 

0.969 

0.959 

0.961 

0.958 

3 

BBS 


0.960 



0^9 




0.962 

0.964 

0.965 

0.965 

5 


BUB 

0.958 




6 

0.990 

SiSS 

0.961 

0.960 

0.961 

0.958 


“ 1*55 OC - 2.0° m o/ m oo = Exit setting = C 


Pt^/Ptoo " O.966 - 0.077 A Pto “ 0*09^ P 2 / p^o = 3.45 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

in 

2 

3 

4 

5 

1 

1 

2 


4 

5 

6 

1 

1BBHI 


0.978 



H69 

m 

0.982 

0.990 

0.962 

0.957 

0.960 

0.957 

3 





BM 


a 


0.959 

0.962 

0.964 

0.965 

0.963 

5 







Bl 

0.989 

10.980 

0.958 

0.959 

0.960 

0.955 


^00 ~ 3 * 00 a - 8*0° m o/ m oo ~ Exit setting = A 


P t 2 / p t 00 " 0*806 ^bl/^oo = 0.099 A Pt 2 = 0*222 Pg/p^ = 28,02 


1 

RAKE 

NO. 

1 

TUBE NO. 

— 

RAKE 

NO. 

— 

TUBE NO . I 


2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 



0.850 

0.881 

0,888 

O.809 

Bl 



0.834 

0.886 

0.893 

O.818 

3 

BE 

Hffl 

0.823 

0.795 

0.765 

0.739 

4 



cr\ 

CO 

• 

0 

0.761 

0.736 

0.724 

5 


0.825 

0.811 




6 

0.762 

0.806 






^00 - 3*00 a - 5 * 0° ^ q/^oo ~ — Exit setting = C 


Pts/Ptoo - 0.792 m bl/ m oo = 0.078 A Pt 2 = 0.241 = 27.26 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 


0.810 

0.858 






BCSH 

0.837 

O.896 

O.889 

0.794 

3 



0.7^ 

0.771 

0.786 

0.765 

n 


Bill 

00 

£ 

d 

0.801 

0 . 8 o 4 

0.757 

5 


0.731 

0.758 





0.73^ 

0.781 

0.844 

0.904 

O.895 

0.792 


6l 






















































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, P-^/Pt^ " Continued 
(b) 1.50 D inlet without vortex generators 


= 2/g a = 5.0° m o/ m oo = Exit setting = ± 


p t2 /p too = 0.810 m^/rn^ = 0.09^ Ap t2 = 0.201 PjAx, “ l8,81 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

HB 

1 

2 

3 

4 

5 

6 

1 




5 


1 

0.801 

flj^ 

0 

• 

CD 

ON 

0 

0.873 

00 

-4- 

ao 

d 

0,790 

2 

0.775 




C\J 

ON 

00 

• 

O 

0.842 

3 

0.809 

hhh 





4 

0.804 

0.817 

O 

• 

-<! 

CD 

-<] 

0.763 

SBBgl 


5 

0.810 

ilHS 

n 



0.738 

6 


Hil 


0.868 


11111 


Moo = 2.79 a = 9.0° m 0 / m o 0 = ■ Exit setting = _C 


P t2 /p too = 0.808 m b 1 / m co = 0.087 A Ptp = 0» 26 7 P^Po = l8 ’ 64 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 


3 

4 

5 

6 

1 

2 

3 

4 

5 


1 

0.824 

0.899 

O .874 

0.848 

0.839 

0.7 8 9 

2 

0.778 


0.842 

O .889 



3 

0.715 

0.731 




0.822 

4 

0.701 


0.752 

0.790 

0.824 

MSI 

5 

SSI 

0.727 






0.769 


0.891 

O .898 

0.908 



M^, = 2.90 a = 5-0° m o/ m oo = _r=^__ Exit setting = ± 


Pt^Pto,, = 0.819 = 0.094 A Pt 2 - 0.221 P2/P00 - 12 ’99 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 





5 


1 

0.829 

0.894 

mm 

3 



2 

mm 



mm 

0.886 

0.834 

3 

0.757 

0.757 

H| 



ism 

4 

My 



HwEI 

0 

*^1 

00 

0.773 

5 

0.753 

0 . 759 ^ 





6 

0 

00 

0 

0 

0.824 

0.892 

O 

ON 

OO 

• 

O 

0.919 

0.890 


Mqq = 2.90 a = 9.0° “o/ m oo = _r=zz^__ Exit setting = _C 


Pt^Ptoo = 0.820 ra bl/ m oo = 0.083 A Pt 2 = 0’ 268 P 2^ P oo " 12 ’ 80 


RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 


2 

3 

4 

5 

6 

1 

MSB 

0.866 

0.888 

0.888 

0.896 

0.836 

m 





0.915 

0.898 

3 

sn 


0.769 

0.799 

CVI 

00 

00 

d 

0.828 

ID 

mm 



SSI 

0.806 

0.785 

5 

0.735 





0.830 

6 





0.935 

0.893 


62 






































































































TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, P t2 /Pt ~ Continued 
(b) 1.50 D inlet without vortex generators 

Moo = 2,2b a = b.0 Q m o/ ra oo = Exit setting = _A 


Pts/Pt*, = 0.874 “bl/m- = 0.126 A Pt 2 = 0.100 vjv 00 = Q, 10 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

b 

0.895 

0.912 

0.924 

0.920 

0.919 


B 

Ml 

0.896 




11111 

SMi 

0.827 


0.834 

0.837 

0.843 


D 

H33 

0.819 




EjjlM 



ItiiLW 

0.844 

O.832 

0.857 


6 


0.901 




1 


Moo - 2,2b Ot = 9.0° m Q / m oo = Exit setting = _q 


Pts/Ptoo = 0.864 m h -|/m ro = q.q 84 Ap to = p.211 P 2 / Poo = 8.73 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

B|1 




im 


2 

0 

00 

01 

0.886 




Mi 

3 

HU 



Ml 



4 


0.787 

0.799 



B 

5 

0.814 

0.8l4 

0.826 

0.825 

0 

CD 

H 

0.873 

6 


00 

• 

O 






M<» - 2.00 a = %0° m 0 / m oo = — Exit setting = _A 


Pta/Pt^, - 0.869 m bl/ m co = 0.090 A Pt 2 = 0.177 Pj/Poo = 5.88 




RAKE 

NO. 

— 1 

TUBE NO. I 

IMP 

2 



5 


1 

2 

3 

4 

5 

6 

1 

0.888 

0.933 


ON 

d 

0.922 

0.907 

B 

0.861 

0.877 

0.889 

0.921 

0.938 

O.877 

3 

0.824 

0.825 

ism 

0.812 

0.807 


IB 

0.825 

0.826 

0.838 

0.844 

O.836 

0.811 

5 

0.852 

0.848 


0.807 

0.808 

ImQ! 

B 


0.926 





II CVJ 

s? ,ft 

2.00 a = 5-0° m n> 

^00 = 
? t 2 = 

Exit setting 

= c 

/Pt = 
U 00 

O.85O m b 

]>00 = 

0.075 A] 

0.204 


PsA 

= 5.75 

n 1 ^ 






RAKE 

NO. 

TUBE NO. 

RAKE 

TUBE NO. 

1 

2 

3 

4 

5 

6 

NO. 

1 

2 

3 

4 

5 

6 

1 

0.834 


0.884 

0.898 



2 

0.850 

0.860 

0.824 

0.804 

0.797 

0.783 

3 

0.838 



|§||g 



4 

0.822 

0.824 

0.820 

0.816 

0.820 

0.809 

5 

0.855 

Efcirli 





6 

0.849 
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TABLE II.- ENGINE-FACE PRESSURE RECOVERY DATA, p + /p + - Concluded 

u 2 u oo 

(b) 1.50 D inlet without vortex generators 


1 


= 1.79 a = 5-0° Exit setting = 


P t2 /Ptoc = 0.931 m bl/ m oo = 0.103 Ap t 2 = 0.092 p 2 / p oo " 4.47 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 


4 

5 

6 

1 

2 

3 

4 

5 

6 

1 


BBS 

0.979 

0.971 

0.949 

MS 

2 

0.943 

0.910 

0.899 

0.900 



3 

MS 

MSI 



0^3 


4 

0.911 






5 

0.914 

RIBSI 

W 


BBJ 

HI! 

6 

0.929 


SS59 





Moo = 1.79 a = 9. 0° m o/ m oo = Exit setting = _C 


Pt^Ptoo = 0.927 m bl/ m c° = 0.076 A Ptp = 0.101 Pa/Poo = 4. 34 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE .NO. 

1 


3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

0.991 






2 

BS9 





0.890 

3 


BBS 


0.966 


BM 

4 


0.889 

0.893 

0.897 

0.904 

0.899 

5 






MB 

6 

0.933 

0.902 

0.904 

0.906 




Moo = 1-99 a = 9.0° ro 0 / m oo = J=== ^_ Exit setting = _A 


Pts/Ptoo = 0.991 m bl/ m cc = 0.096 Ap ts = 0.089 p 2 / p oo = 3-4l 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE NO. 

1 

2 

3 

1 

5 

6 

1 

2 

3 

4 

5 


1 

0.982 

0.994 

0.982 

0.969 

0.991 

QBI 

2 

MS 

0.942 

0.947 

O.95O 

0.991 

0.947 

3 



0.961 

0.963 

0.963 

|S9 

4 


0.918 

0.923 

0.929 



5 

0.934 

0.949 

0.969 

0.997 

0.976 


6 

0.943 

0.949 

0.950 

0.992 

0.999 

0.991 


Moo = 1.99 a = 5 . 0 ° m 0 / m oo = - ■ Exit setting = _C 


Ptg/Ptoo = 0.948 m bl /m co = 0.071 Ap ts = 0.098 P-Ip^ = 3-31 


RAKE 

NO. 

TUBE NO. 

RAKE 

NO. 

TUBE MO. 

1 

2 

3 

1+ 

5 

6 

1 

u^_ 

3 

4 

5 

6 

1 

0.977 

MS 





2 

MB 

on 

-V 

a\ 

o 

0.948 

0.991 

0.950 

0.947 

3 

0.933 


0.960 

0.962 

0.960 




0 

d 

0.908 

0.912 

0.917 

0.911 

5 

0.930 

0.992 




M ! 

6 


0.949 

0.991 

0.993 

0.999 

0.948 
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Figure 2.- Area distributions. 
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Figure 2.- Concluded. 
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Note: All dimensions 
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Figure 3.- Concluded. 




70 


Figure 4 .- Model mounted in the transonic wind tunnel. 





















Bleed zone 



Figure 12.- Bleed zone plenum chamber pressures, 1.50 D inlet with vortex generators; bleed exit 

setting B, (x/R)pj_ p = 2*330j ^oo " 3*00; a = 0 . 



Centerbody 

Cowl 



[a) Pt 2 /P too = °-901> m bl /mco = 0 . 109 . 

Figure 13 .- Static pressure distribution, I .50 D inlet with vortex generators; bleed exit setting 

B, ( X / R )liu * 2.330; = 3-00, a = 0°. 







8o 


Figure 13.- Continued. 




Figure 13*- Concluded 






4.- Inlet unstart angles of at 


critical operation, 1-50 D ini 

liT) = 2.330, Moo = 3. 00; a = 0° 








a, deg 


Figure 17.- Maximum performance at angle of attack, = 3 . 00 
















(b) (x/R) lip = 2.330, = 


Figure 22.- Continued. 






Figure 22.- Continued. 







.Qb 


.80 


O 

□ 


A 

3 


Bleed exit setting A 
Bleed exit setting B 
Bleed exit setting C 
D A See Table II 



moo 


(g) (x/R) lip = 3-320, = 1.75. 


Figure 22.- Continued. 























Figure 2k. - Supercritical performance, I .50 D inlet with vortex genera 
tors; bleed exit setting B; = 3*00, a = 0 °. 






Bleed zone 



Figure 25*- Continued, 









Bleed zone 



Figure 25-- Continued. 




Bleed zone 



Figure 25*- Continued 






Bleed zone 



Figure 25.- Continued 











Bleed zone 



Figure 25.- Continued. 



Bleed zone 



Figure 25-- Continued 








Bleed zone 



Figure 25 • - Concluded. 
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Figure 26.- Pitot pressure profiles, 1.50 D inlet; bleed exit setting B; 








Figure 26.- Continued 





Figure 26.- Continued. 
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Figure 26.- Continued. 
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Figure 26.- Concluded. 
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Figure 27.- Concluded. 








Bleed exit setting A 
Bleed exit setting B 
Bleed exit setting C 
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Figure 28.- Continued. 






<L> 

C5 

O 

ISI 

0 ) 
(D 
i — I 

pq 




126 


Figure 28.- Continued. 
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Figure 28.- Concluded. 
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(a) p t 2 /p too = 0.776, mti/mco = 0.077. 

Figure 29 .- Static pressure distribution, I .50 D inlet with vortex generators; bleed exit setting 

B, (x/r) 11d = 2.330; Moo = 3-20, a = 0°. 
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Fieri ire 2Q-- Continued 
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Figure 29.- Concluded 
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Figure 30- - Continued 
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Figure 30.- Concluded 
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(a) P t /p t = 0.929, m bl /m 00 = 0.108. 

u 2 °oc 

Figure 31.- Static pressure distribution, I.50 D inlet with vortex generators; bleed exit setting 

B, (x/R) llT5 = 2.600; = 2.50, a = 0°. 
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Figure 31* ■ Continued 




Center-body 



Figure 31.- Concluded 








Figure 32.- Static pressure distribution, 1.50 D inlet with vortex generators; bleed exit setting 

B, (x/R) lip = 2.860; = 2.25, a = 0 e . 
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Figure 32.- Continued. 



Centerbody 



Figure 32.- Concluded 
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Figure 33.- Static pressure distribution, 1.50 D inlet with vortex generators; bleed exit setting 

B, (x/R) liTJ = 3-100; ^ = 2.00, a = 0°. 
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Figure 33.- Continued. 
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Fi gur e 33*” Cone luded . 


Centerbody 
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Figure 3 )+.- Static pressure distribution, I .50 D inlet with vortex generators; bleed exit setting 

B, (x/R) n = 3-320; M 00 = I. 75 , a = 0°. 
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Figure 3^.- Continued. 
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Figure 3I4..- Concluded. 
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Figure 35-~ Static pressure distribution, 1.50 D inlet with vortex generators; bleed exit setting 

B, (x/R) liT5 = 3-420; Moo = 1.55, a = 0°. 



Centerbody 



147 


Figure 35 . - Continued . 
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Concluded. 

















Figure 36.- Continued. 



















Figure 37 *- Continued 
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(a) = 0.60. 


Figure 39 *- Transonic total-pressure recovery and additive drag, a 













(e) = 1.00. 

Figure 39.- Continued 






(h) = 1.15. 

Figure 39*- Continued. 




(i) Mqo = 1.20. 

Figure 39-- Concluded. 




(b) Flight profile. 

Figure it-O.- Transonic optimization. 
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